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ABSTRACT
The unnamed Middle Eocene sandstones of Scow Bay are well exposed on
the beaches of Indian and Marrowstone Island, northwest Washington. The
rocks strike approximately east-west and dip to the north except on the
east coast of Marrowstone Island where the structure is more complex.
Each of the four coastal sections was described in detail, and the most
complete was also measured.
The sandstone beds are typically thin- to very-thick-bedded,
structureless lithic arenite. Locally abundant sedimentary structures
include dish structures, vague horizontal lamination, load casts, flame
structures, soft sediment deformation, and shale clasts. Interbedded with
the sandstones are minor siltstones and shale. The siltstones are
typically thin bedded although at least two very thick siltstone beds are
present. At least eleven thinning and fining upward sequences were
indentified on the east coast of Indian Island. The sandstones of Scow
Bay were most likely deposited as channel fill sequences on the midfan
region of a subsea fan. Deposition was probably from high-density
turbidity currents, liquefied flows, and fine-grained debris flows. Low- 
density 'classic' turbidites probably deposited most of the fine grained
sediment.
The sandstones of Scow Bay are lithic arenite with QFL values of 29,
15, 56. When polycrystalline quartz and chert are included in the lithic
category, the resultant QmFLt values are 19, 15, 66. The lithic grains
are dominated by sedimentary and metasedimentary lithic grains with lesser
amounts of polycrystalline quartz and chert and volcanic and metavolcanic
lithic grains (Qp Lv Ls ). Volcanic and metavolcanic lithic grains are
14 20 66composed of about equal amounts of micrilitic and lathwork volcanic lithic
grains with lesser amounts of low-potassium felsic volcanic lithic grains.
(i)
Quartz-plagioclase plutonic rock fragments are common.
The sandstones of Scow Bay have undergone a complex multi-stage
diagenesis. Cements include calcite (two different stages), laumontite,
phyllosilicates (two stages), pyrite, quartz overgrowths, and albite
overgrowths. Of these, only the first three are present in large amounts.
The source area for the sandstones of Scow Bay must have been rich in
immature clastic sedimentary rocks with lesser amounts of volcanic rocks
and chert. The source area also probably included low-potassium felsic
intrusive and extrusive igneous rocks, possibly part of an ophiolite
sequence. The sediment in the sandstones of Scow Bay was most likely not
transported very far from the source area.
Possible source areas for the sandstones of Scow Bay include the
North Cascades and the Chuckanut Formation, the area of deposition of the
Puget Group, the Olympic Peninsula terrane, Vancouver Island, the Leech
River unit, and the San Juan Islands terranes. Of these, only the San
Juan Islands terranes consist of dominantly immature clastic sedimentary
rocks with lesser volcanic rocks and chert. Also, the plagiogranite and
keratophyre of the Fidalgo Ophiolite could provide the quartz-plagioclase
plutonic rock fragments and felsic volcanic lithic grains. Therefore, the
sandstones of Scow Bay were most likely derived from a local uplift in the
San Juan Islands terranes although some sediment could also have been
derived from Vancouver Island.
The sandstones of Scow Bay support the model of Fairchild (1979) and
Fairchild & Armentrout (1984), which places a tectonic suture between
rocks with North American affinities and the Olympic Peninsula terrane
along the Leech River Fault and the Discovery Bay fault zone. A possible
tectonic model for the Middle Eocene deposition of the sandstones of Scow
Bay involves uplift and erosion of the San Juan Islands terranes during
the Middle Eocene followed by accretion of the Leech River unit and the
Crescent/Metchosin seamounts along the San Juan, Leech River, and
Discovery Bay faults during the Late Eocene.
(iii)
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The unnamed Middle Eocene sandstones of Scow Bay are well exposed on
the beaches of Indian and Marrowstone Islands, northeast Olympic
Peninsula, Washington (figs. 1 and 2). Despite numerous paleontologic and
mapping studies of the unit, the sedimentary petrology and sedimentology
have not been studied in detail. The purpose of this study is to describe
the sedimentary petrology and sedimentology of the sandstones of Scow Bay,
and to use this information to develop a tectonic model that accounts for
their deposition. The sandstones of Scow Bay are located near the
tectonic suture between the Tertiary Olympic Peninsula terrane and North
America. A good understanding of the sandstones of Scow Bay is important
in determining the location of the tectonic suture. It will also aid in
understanding the complex Tertiary tectonics and history of northwest
Washington in general and the Olympic Peninsula in particular.
Exposures of the sandstones of Scow Bay are mainly limited to wave- 
cut benches on Indian and Marrowstone Islands. On Indian Island the rocks
also occur in several road cuts and one old quarry, but access to these
locations is restricted by the United States Navy as Indian Island is a
Naval Base. Although the sandstones of Scow Bay have been mapped on the
Quimper Peninsula (Gower, 1980) in the vicinity of Sunset Lake ( fig. 2),
no outcrops could be found in that area during this study. Any previously
found outcrops have been completely obscured by the abundant vegetation.
Although informally named the 'Scow Bay Formation' by Allison (1959)
the unit has never been formally named. It is usually referred to either
as the unnamed Eocene unit (Gower, 1980; Armentrout & Berta, 1977) or as
the sandstones of Scow Bay (Armentrout, 1984). The latter usage will be
followed herein.
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Figure 1: General geologic map of the Olympic Peninsula (after Cady, 1975),
3
Figure 2: Geologic map of the Quimper Peninsula and nearbyislands. Geology from Allison (1959), Thoms (1959),
and Gower (1980).
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The sandstones of Scow Bay are thin to very thick bedded lithic
sandstone with minor siltstone and shale interbeds. A volcaniclastic
member interfingers with the lithic sandstone from the west. The
volcaniclastic member consists of thin- to very thick-bedded basaltic
tuffs and sandstones. Minor micritic limestone is interbedded with the
siltstone beds. At least four basaltic dikes intrude the unit.
The sandstones of Scow Bay strike approximately east-west and dip
0 0
north at 15 to 45 except on the east coast of Marrowstone Island, where
the structure is more complex. As the beaches of Indian and Marrowstone
Islands run generally north-south, each of the four coastal sections
approximates a vertical stratigraphic section through the unit. The most
complete section occurs on the east coast of Indian Island, where almost
540 m of sediment is exposed with only a few covered intervals (Plate 1).
Sections on the west coasts of both islands were also very useful although
not as complete. , The section on the east coast of Marrowstone Island is
the least complete and the most structurally complex of the four sections.
The base of the sandstones of Scow Bay is not exposed. As the
Portage Canal Fault separates all of the verifiable outcrops of the unit
from the Quimper Peninsula, the exact relationship of the sandstones of
Scow Bay to rocks of similar age on the Quimper Peninsula is unknown (fig.
2).
The Quimper Sandstone lies unconformably above the sandstones of Scow
0 0
Bay. The sandstones of Scow Bay were tilted 10 to 15 before deposition
of the Quimper Sandstone. The contact is nowhere exposed but can be
located to within 10 to 20 m on both the west coast of Marrowstone Island
and the west coast of Indian Island. Glacial deposits cover the contact
and most of the Quimper Sandstone elsewhere on the islands.
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REGIONAL GEOLOGY
Tabor & Cady (1978) divided the rocks of the Olympic Peninsula in
northwestern Washington into two major groups (fig. 1): the core rocks,
and the peripheral rocks which include the Crescent Formation. The core
rocks are complexely deformed and metamorphosed sedimentary rocks of
Eocene to Miocene age. The Crescent Formation consists of Lower to Middle
Eocene basalts and minor interbedded marine sedimentary rocks, and is
considered part of an accreted seamount chain which includes similar rocks
in the Washington and Oregon Coast Ranges (Tabor & Cady, 1978; Wells et
al., 1984). The Metchosin Formation, found on the southern end of
Vancouver Island, is thought to be the equivalent of the Crescent
Formation (Cady, 1975). The peripheral rocks overlying the Crescent
Formation are Eocene to Miocene sedimentary rocks which have undergone
only minor deformation and metamorphism. This entire suite of rocks has
been interpreted as a subduction wedge with the Crescent Formation acting
as a bulwark against which the core rocks were crushed and which protected
the peripheral rocks from major deformation (Tabor & Cady, 1978).
The precise timing of the deformational and metamorphic events in the
Olympic Peninsula is poorly known. Tabor (1972) obtained a K-Ar age of
approximately 29 Ma from low grade metamorphic rocks of the core. It is
probable, however, that deformation of the eastern core rocks began during
the late Eocene, before or during deposition of the western core rocks
(Tabor & Cady, 1978).
An inportant event in the tectonic history of the Olympic Peninsula
is the accretion of the Crescent/Metchosin seamount chain onto North
America. The most likely time of accretion is sometime during the Late
Eocene (Fairchild, 1979). If the tectonic suture between the Olympic
Peninsula terrane and North America could be located, perhaps
stratigraphic relationships could be used to date the time of accretion
more accurately. On Vancouver Island the Metchosin basalts are in contact
along the Leech River Fault with the Upper Jurassic to Cretaceous Leech
River unit ( Fairchild, 1979; Fairchild & Cowan, 1982; Fairchild &
Armentrout, 1984). Fairchild (1979) and Fairchild & Armentrout (1984)
propose that the Leech River Fault continues southeast to connect with the
Discovery Bay Fault Zone (fig. 3). They believe the Leech River/Discovery
Bay Fault system to be the tectonic suture between the Olympic Peninsula
terrane and North America.
Motion on the Leech River Fault took place after the end of
metamorphism in the Leech River Complex (ca. 40 Ma) and before deposition
of the Upper Oligocene (ca. 32 Ma) Carmanah Formation, which is not
displaced by the fault (Fairchild, 1979; Rusmore & Cowan, 1983; Fairchild
& Armentrout, 1984). An interpretation by Fairchild & Armentrout (1984)
and Armentrout (1984) would restrict motion on the Discovery Bay Fault
Zone to before deposition of the Upper Eocene (ca. 37 Ma) Quimper
Sandstone, which may overlie the fault. Therefore, according to Fairchild
& Armentrout (1984), the accretion of the Olympic Terrane took place
between 40 and 37 Ma. If only the evidence from Vancouver Island is
considered, the accretion had to have taken place between 40 and 32 Ma.
More data is needed on the geology of the Quimper Peninsula and the
Discovery Bay Fault before the Fairchild and Armentrout (1984) model can
be fully evaluated.
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Figure 3: Proposed model for the correlation of the Leech River Faultand the Discovery Bay fault zone (from Fairchild, 1979).
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LOCAL GEOLOGY
On the Quimper Peninsula, basaltic rocks that have been assigned to
the Crescent Formation underlie a sequence of Eocene marine sedimentary
rocks (fig. 2). There is some question, however, as to whether or not the
basalts on the Quimper Peninsula truly are part of the Crescent Formation
(FairchiId, 1979). Overlying, and perhaps interfingering with. these
basalts are the unnamed Middle Eocene sandstones of Scow Bay.
Unconformably above the sandstones of Scow Bay lie the Upper Eocene and
Lower Oligocene Quimper Sandstone and Marrowstone Shale (Armentrout &
Berta, 1977). The Lyre Formation occurs beneath the Quimper Sandstone on
the Quimper Peninsula proper, but its exact relationship with the
sandstones of Scow Bay is unknown as they do not occur in the same area.
The sandstones of Scow Bay are located east of the Discovery Bay Fault




The first mention of the marine sandstones and interbedded siltstones
and shales of Scow Bay was by Weaver (1916), who assigned them to the
lower Miocene Clallam series (in Allison, 1959). Weaver later (1937)
mapped them as part of the Oligocene Lincoln Creek Formation. Durham
(1944) remapped the area and placed these rocks in the Eocene based on
foraminifera studied by Stanley Beck (Durham, 1944). Thoms (1959) studied
the foraminifera in more detail and assigned the unit to the lower
Ulatisian foraminifera stage of the Middle Eocene. Armentrout & Berta
(1977) reexamined Thoms' samples and, with additional sampling, concluded
that the sandstones of Scow Bay belong in the upper Ulatisian and the
lower Narizian foraminifera stages. This gives an age for the unit of
approximately 43 to 50 Ma (Armentrout, 1981). Worsley & Crecelius (1972)
determined a similar age using calcareous nannofossiIs.
Allison (1959), working with Thoms (1959), made the first detailed
geologic map of the Quimper Peninsula. Allison (1959) informally named
the rocks on the southern ends of Indian and Marrowstone Islands the 'Scow
Bay Formation'. He designated a type section on the west coast of
Marrowstone Island, where the most accessible exposures are found. The
sections exposed on Indian Island and on the east coast of Marowstone
Island were designated as complementary sections to the type section.
Allison (1959) also measured the three most complete sections and reported
thicknesses of 1200 to 2000 feet (366 to 610 m).
Allison (1959) and Thoms (1959) did not map the sandstones of Scow
Bay west of the Portage Canal Fault. Gower (1980) mapped the unit in
contact with the Crescent Formation near Sunset Lake (fig. 2). Exposures
in this area, however, are so extremely poor that the exact relationship
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between the Crescent Formation and the sandstones of Scow Bay is unknown.
Basalt dikes and volcaniclastics found by Gower (1980) on Indian and
Marrowstone Islands may support the belief of Worsley & Crecelius (1972)
that the sandsones of Scow Bay are, in part, older than the top of the
Crescent Formation and that the two may interfinger. Armentrout & Berta
(1977), however, believe the unit overlies the Crescent Formation.
Armentrout & Berta (1977), Armentrout & Cole (1979), and Armentrout
(1984) describe the sandstones of Scow Bay as arkosic. They found
paleocurrent features that were interpreted as indicating a sediment
source from the south or southeast. The combination of a proposed
southerly source and arkosic sandstone led to an interpretation of the
sandstones of Scow Bay as a distal facies of the Middle Eocene Puget Group
Delta (Armentrout & Berta, 1977; Armentrout & Cole, 1979). These authors
provide no petrologic data to support their conclusions.
Armentrout (1984) and Fairchild & Armentrout (1984) consider the
sandstones of Scow Bay to have been part of North America rather than part
of the Olympic Peninsula terrane during the Middle Eocene, because they
had a continental source. The overlying Quimper Sandstone has sediment
affinities with both continental North America and the oceanic Olympic
Terrane (Armentrout, 1984). Armentrout (1984) has mapped the Quimper
Sandstone as overlying the Discovery Bay Fault but not offset by it. The
Discovery Bay Fault has been interpreted as the tectonic suture between
the Olympic Peninsula terrane and North America (Armentrout, 1984;
Fairchild & Armentrout, 1984). More petrologic and sedimentologic data on
both the sandstones of Scow Bay and the Quimper Sandstone are needed
before this theory can be fully evaluated as, despite their central
position in the model, detailed information is lacking for both units.
METHODS OF STUDY
In order to identify the depositional environment of the sandstones
of Scow Bay, a detailed study was done of the sedimentary structures
present in the unit. The most complete stratigraphic section of the four
coastal sections was measured and described in detail to reveal any
bedding cycles present. The sedimentary structures of the other three
coastal sections were also studied in detail. However, due to the
discontinuous nature of the exposure, these sections were not measured. A
brief look was taken at the road cut exposures on Indian Island. (A more
detailed study of these exposures was prevented because of limited access
allowed by the United States Navy.) To identify the depositional
environment, the sedimentary structures and their associations were
compared to existing facies models.
Sandstones were sampled at regular intervals to use for petrographic
analysis. When possible, paired samples were taken from beds with
concretions-one sample from a concretion and one from the rest of the bed.
As the concretions were too well indurated to break in the field, sampling
was limited to concretions that were 20 cm in diameter or smaller.
In addition to sandstone samples, samples for thin-section study were
collected from two basaltic dikes and from the volcaniclastic member. Two
additional dikes were not sampled since they were too weathered to yield
useful information. Several limestone beds were also sampled for thin
section analysis.
Thin-sections were cut from fifty of the sandstone samples. Emphasis
was put on the sample pairs from concretionary beds as "...concretionary
cementation preserves evidence of the initial state of the host sediment
from subsequent diagenetic changes." (Raiswell, 1971, page 150).
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Therefore, a more complete picture of the diagenesis can be obtained by
studying these paired samples. Also, the actual composition of the
original sand can be identified much more accurately in the concretions,
since there was very little or no compaction before cementation. Most of
the samples required impregnation by epoxy before complete thin-sections
could be obtained. In order to identify untwinned feldspars half of
each thin-section was stained for potassium feldspar and plagioclase using
the technique described by Norman (1974).
Twenty-five thin-sections were point counted (see appendix 2). Ten
were from the stratigraphic section on the east coast of Indian Island,
six each from the sections on the east and west coasts of Marrowstone
Island, and three from the section on the west coast of Indian Island.
The stratigraphic section on the east coast of Indian Island was sampled
most thoroughly because it is the most complete. Samples were chosen from
the entire stratigraphic thickness of the unit in order to determine if
there was any change in the source area with time. Three hundred points
were counted on the stained half of each thin section and a separate 200
point lithic grain count was done on the unstained half of each thin
section. The lithic grain count was done on the unstained half, because
the stain tends to obscure the lithic grains and make specific
identification difficult. The separate lithic grain count allows much
greater resolution of lithic grain types than would otherwise be possible.
A scanning electron microscope and an x-ray diffractometer were used
to identify the various cements. Scanning electron microscopy was also
useful in determining the order in which some of the later cements formed.
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SEDIMENTOLOGY
Subsea Fan Facies Models
Subsea fan facies are divisible into three main depositiona!
environments: the inner fan, the midfan, and the outer fan. The three
different environments are identified by using a combination of rock type,
bedding thickness, lateral bedding continuity, bedding sequences, and
sedimentary structures. Mutti & Ricci Lucchi (1972) developed lithofacies
which include most of these factors (bedding sequences being the main
exception) (Table 1). The associations of these lithofacies are very
useful in describing subsea fan depositional environment facies.
The inner fan facies is characterized by thick-bedded lenticular
conglomerate, pebbly sandstone, and pebbly mudstone enclosed in finer
grained sediments (Mutti & Ricci Lucchi, 1972; Ingersoll, 1978). Coarse­
grained sediment is deposited in channels and later buried by fine-grained
overbank deposits (Ingersoll, 1978). Minor, thin-bedded, levee sandstones
and siltstones may be present within the overbank deposits (Reading,
1978). The inner fan is dominantly facies A and B of Mutti & Ricci Lucchi
(1972) enclosed in facies G.
The midfan facies is characterized by laterally discontinuous,
coarse- to medium-grained, thick-bedded channelized sandstone. Facies B
of Mutti & Ricci Lucchi (1972) dominates with lesser amounts of facies C
and A. Thinning and fining upward cycles are common and are channel fill
sequences (Mutti & Ricci Lucchi, 1972; Ingersoll, 1978; Link and Nilson,
1980). Channels are braided with interchannel areas dominated by fine
grained sediment-mainly facies E with lesser amounts of facies D and
facies C (Ingersoll, 1978).
Table 1; Subsea Fan Lithofacies of Mutti & Ricci Lucchi, 1972.








conglomerate Poorly sorted. Thick to very thick bedded,and conglomeratic Shale interbeds usually absent and are verysandstone thin when present. Amalgamation common.Shale clasts abundant. Grading uncommon.Lenticular beds.
medium to coarse Medium sorted. Thick to very thick bedded,sandstone Shale clasts common. Contacts commonlyerosional. Dish structures may be present.Lenticular beds.
fine to medium Complete Bouma abcde sequences common,sandstone with Parallel contacts. Small shale clastsminor shale common. Beds have good lateral continuity,
interbeds
shale and siltstone with fine to very finesandstone interbeds
Low sand-to-shale ratios. Sandstone beds may be laminated. Bouma sequences commonlymissing the a or ab. Beds have very goodlateral continuity.
shale and Medium sand-to-shale ratios. Beds thin and
siltstone with irregular. Beds ccommonly discontinuous.
fine to very finesandstoneinterbeds
chaotic deposits
hemipelagic andpelagic shales and marls
Sediment deformed by penecontemporaneous slumping and othe mass movement transport.
Shales and marls with indistinct parallel lamination. May be silty or calcareous orboth. Beds have excellent lateral continuity.
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The outer fan facies is characterized by laterally continuous, thin- 
bedded mudstone and sandstone dominated by Facies C and D. Common
thickening and coarsening upward cycles are built as the fan progrades out
into the basin (Mutti & Ricci Lucchi, 1972; Ingersoll, 1978).
A variety of types of sediment gravity flows transport and deposit
sediment on subsea fans. Most classifications of sediment gravity flows
are based either on characteristics of the flow or on the sediment support
mechanism. Lowe (1979) modified a classification of Middleton & Hampton
(1976) to include both the sediment support mechanism and the flow
characteristics (Table 2). The five end members Lowe (1979) describes are
(1) turbidity currents, which are fluid flow with the grains supported by
fluid turbulence; (2) fluidized flows, which are fluid flow with the
grains completely supported by escaping pore fluid; (3) liquefied flows,
which are transitional between fluid flow and plastic flow with the grains
partially supported by escaping pore fluid; (4) grain flows, which are
plastic flow with the grains supported by dispersive pressure among
grains; and (5) cohesive debris flows, which are plastic flow with the
grains supported by cohesive matrix strength. Lowe (1979, 1982) also
describes high-density turbidity currents, which are the turbulent
equivalent of liquefied flows and grain flows. Fluidized flows, since
they fully support their contained grains, do not deposit sediment
directly but evolve into either liquified flows or turbidity currents
first.
It is very difficult to identify what types of sediment gravity flows
were responsible for a particular ancient deposit, mainly because the
classification scheme uses idealized end members and any given flow may
involve several of the end members at different points in its history.
Thus, the deposit from a single flow could show characteristics of more
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Table 2: Classification of Sediment Gravity Flows(from Lowe, 1979).












Escaping pore fluid(full support)




than one of the types of sediment gravity flows (Middleton & Hampton,
1976; Lowe, 1979, 1982; and many other workers). A second major problem
in identifing sediment gravity flows in ancient deposits is that the
characteristics of the deposit are controlled more by the mechanism of
deposition than by the mechanism of transportation (Lowe, 1982).
Despite these difficulties, Nardin et al., (1979), developed a
preliminary list of the characteristics that the various flow types would
produce in a deposit (Table 3). They specifically note that "...the
observed sedimentary features may reflect a number of (processes)."
(Nardin et al., 1979, page 65). I have added to Table 3 the main
characteristics of high-density turbidity currents as described by Lowe
(1982), since most large liquefied or fluidized flows develop into high- 
density turbidity currents before deposition (Lowe, 1982).
Description of Sedimentary Structures
The sandstones of Scow Bay contain up to 540 m of thin to thick
bedded sandstone with minor siltstone and shale interbeds. The sandstone
is a grey, medium-grained, moderately to well sorted lithic arenite that
weathers to tan or light red brown. Calcite concretions are abundant and
range from less than 1 cm to over 50 cm in diameter.
The sandstone beds are typically structureless with sharp erosional
contacts (fig. 4). Small channels are present but not common (fig. 5).
Lack of exposure along strike prevents the identification of any large
scale (greater than 2-3 m) channels that might be present in the unit.
Sandstone beds are discontinuous and correlation between sections is very
difficult. Amalgamation is common, but it is often difficult to identify
Table 3: Sediment gravity flows and tentative sedimentary structureassemblages (after Nardin et al., 1979, and Lowe, 1980).
Transport process
Debris flow-mud flow







Plastic Matrix supported, random fabric,clast size variable, matrix variable.Rip ups, rafts, inverse grading andflow structures possible.
Plastic or Massive, a-axis parallel to flow andViscous imbricate upstream, inverse grading
Fluid near base.
Viscous Dewatering structures, sandstoneFluid dikes, flame-load structure,convolute bedding, homogenizedsediment.
Viscous Bouma sequence.Fluid
Viscous Plane lamination, cross-Fluid stratification, inverse or normalgrading, dewatering structures,may be structureless.
Figure 4: Thick to very thick bedded, structurelesssandstone with sharp erosional contacts.Photograph is approximately 20 m across. Westcoast of Indian Island.
Figure 5: Small channel in laminated sandstone. East coastof Marrowstone Island.
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due to the structureless nature of the beds. Dish structures and vague
horizontal laminations are locally abundant (figs. 5 and 6) (see Table 4
for a complete list of sedimentary structures). Graded bedding and
inverse graded bedding are present but rare. The sandstone beds are best
classified as Facies B of Mutti & Ricci Lucchi (1972).
Sole markings are common but very difficult to identify due to the
lack of thick shale interbeds. Load casts are the most common sole mark.
Rare flute casts and groove casts are also present. The flute and groove
casts are commonly modified by later loading. Flame structures are
common.
Shale clasts are present in sandstone beds throughout the unit. They
range in size from less than 1 cm to almost 50 cm in diameter. Most are
less than 5 cm. They are usually scattered randomly throughout an
otherwise structureless sandstone bed. They also occur as discrete layers
of oriented elongate shale clasts. These layers may be in the middle of a
sandstone bed or located in the bottom few centimeters of the sandstone
bed. The layers of shale clasts found within a sandstone bed can
sometimes be traced laterally in one direction to an undeformed shale bed
(fig. 7). They usually pinch out in the other direction. In these cases,
it is clear that the sandstone bed containing the layer of shale clasts
is, in fact, two sandstone beds amalgamated.
Some of the layers of shale clasts form distinct beds up to 0.5
meters thick. Most of these beds are discontinuous, and they are lensoid
in shape. The thickest of these beds is found on the east coast of
Marrowstone Island where it thins from a thickness of 0.5 m to less than 2
cm within a distance of two meters (fig. 8).
Some of the sandstone beds contain shale clasts concentrated in the
Figure 6: Dish structures and small shale clastsconcentrated in the top few centimeters of asandstone bed. East coast of Marrowstone Island.
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Table 4: Sedimentary Structures Present in the Sandstones of Scow Bay.
Sedimentary structure sandstone siltstone limestone
dish structure C
horizontal lamination (well defined) C
horizontal lamination (poorly defined) C











shale clasts in sandstone beds
layer at base of bed C
layer in middle of bed C
layer at top of bed C































C = common: observed in >10 locations.M = minor: observed in<.10 locations.A = absent: not observed.
Figure 7: Thin shale bed pinching out into a layer ofshale clasts. Note abundant bioturbation. Westcoast of Indian Island.
Figure 8: Thick bed of shale clasts thinning abruptly.Note rock hammer for scale in center ofphotograph. East coast of Marrowstone Island.
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top few centimeters of the bed (fig. 6). They are usually randomly
oriented, although some examples show good parallel orientation. Shale
clasts of this type are all less than 5 cm in size and usually are less
than 2 cm. The sandstone beds containing shale clasts in the top few
centimeters ranged from 10 cm to over 1 m in thickness. In some of the
thicker beds the shale clasts occur in the top 10 to 20 cm rather than
just the top few centimeters.
One example of fine sand clasts floating in a medium sand matrix was
found on the east coast of Marrowstone Island (fig. 9). The clasts are 20
to 30 cm in diameter and consist of well sorted fine sand. The matrix
around these clasts is medium sand with abundant fine wisps of coal or
dark shale. The matrix displays flow structures which outline the fine
sand clasts. The fine sand clasts show evidence of partial
disintegration. They occur at the top of a thick sandstone bed.
Cross-stratification is present in some channeled sandstone beds.
Poor exposure prevents using the cross-stratifiction for paleocurrent
directions.
Soft-sediment deformation is common in the sandstones of Scow Bay
with definite slumps found on the east coast of Indian Island and on the
east coast of Marrowstone Island. The Indian Island slump is the largest;
it involved up to three meters of sediment (fig. 10). Contorted and
brecciated layers of shale are often the only way to identify the soft
sediment deformation due to the structureless nature of the sandstone
beds.
Interbedded with the sandstones are minor black to dark grey
siltstone (and very minor shale) beds which weather to grey or light
brown. Most siltstone beds are thin to very thin, although thicker beds
up to a meter in thickness are common. Two exceptionally thick siltstone




beds of 19 and 28 meters are exposed on the east coast of Indian Island
(Plate 1). One of these thick siltstone beds is also found on the wave
cut bench on the west coast of Marrowstone Island. The thinner siltstone
beds commonly pinch out and may grade laterally into a layer of shale
clasts.
The siltstone beds are structureless to vaguely laminated. Small
scale cross-lamination or ripple drift cross-lamination may be present.
Rare coarse silt to fine sand beds show Bouma ABC or ABE sequences. These
beds are best described as facies E and facies C of Mutti & Ricci Lucchi
(1972).
Interbedded with the siltstone beds are dark grey, medium- to thin- 
bedded limestone beds which weather almost white. These consist of
fossiliferous micrite with intermixed silt and clay (fig. 11). The
limestone beds commonly appear as small discontinuous lenses due to
faulting within the siltstone beds during folding of the unit. The most
discontinuous limestone beds are found interbedded with thick to very
thick siltstone beds. Continuous, undeformed limestone beds are found
interbedded with the thinner (approximately 30 cm thick) siltstone beds.
Limestone beds are not found interbedded with siltstone beds less than 20
to 30 cm thick.
Bioturbation is common in all rock types in the sandstones of Scow
Bay (fig. 7). The most common trace fossil in the sandstones has been
identified as Ophiomorpha nodosa Lundgren by Armentrout (1980).
Rare thin laminae of organic-rich material occur in some siltstones.
Some of this material is coal.
The stratigraphic section on the east coast of Indian Island, the
most complete section, was measured in detail. Eleven thinning and fining
Figure 11: Photomicrograph of fossi1iferous micriticlimestone with intermixed silt and clay. Fieldof view: 3.4mm. Plane-polarized light. Sample
WM-S3-L.
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upward cycles occur in 540 meters of section (Plate 1). Any cycles 
present on Marrowstone Island or on the west coast of Indian Island are 
obscured by poor, discontinuous exposure.
Discussion
The sandstones of Scow Bay are dominated by Facies B sandstones with 
lesser amounts of Facies E and C. Thinning upward cycles are common on 
the east coast of Indian Island and are probably present elsewhere. 
Therefore, the sandstones of Scow Bay are here interpreted as channel fill 
sequences deposited on the midfan region of a subsea fan. The fine 
grained sediment was deposited in the interchannel areas of the midfan.
The sandstones of Scow Bay were deposited by a variety of sediment 
gravity flows. Most of the sandstone beds were deposited by high-density 
turbidity flows and liquefied flow (Lowe, 1982). Low density ('classic') 
turbidity currents deposited most of the fine grained sediment. These may 
be later stages of the same high-density turbidity flows that deposited 
the coarser sediment (Lowe, 1982).
Deposition from fine-grained debris flows (Hampton, 1975, 1979) also 
occured. Fine-grained debris flows carry a central plug of material which 
undergoes minimal turbulance during transport and is frozen into place 
during deposition. The fine sand clasts found on the east coast of 
Marrowstone Island must have been transported in this manner, as any 
turbulence would have disaggregated them very quickly. The sandstone beds 
with shale clasts concentrated near their tops also originated as fine­
grained debris flows. The shale clasts began as mud layers deposited 
above sand, with both later mobilized together as a fine-grained debris
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flow. The mud layer brecciated, and shale fragments settled into the 
flow. They only settled a short distance before deposition of the debris 
flow took place, freezing them in position (fig. 12) (Shanmugan & 
Benedict, 1978).
Paleocurrents
Paleocurrent indicators are rare in the sandstones of Scow Bay. Good 
bearings can be obtained from groove casts and some poorly preserved flute 
casts. Well preserved flute casts where the entire cast is visible also 
provide a specific paleocurrent direction. Rare good exposures of ripple- 
drift cross-lamination also yield good paleocurrent directions.
Results obtained in the field were rotated back to horizontal using a
stereonet to correct for folding. Results are plotted on a paleocurrent
rose in figure 13. The average paleocurrent direction is S7E, with a
0
standard deviation of 31.5 . This indicates a northerly source. The 
results obtained in this study do not support published interpretations of 
the paleocurrent direction for the sandstones of Scow Bay (Armentrout & 
Cole, 1979; Armentrout, 1984). These results can not be considered very 
accurate due to the small number of samples. They can, however, be used to 
support source terrane hypotheses derived from petrologic and petrographic 
analysis.
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Figure 12: Model for formation of shale clasts in top of a 
sandstone bed by remobilization as a fine-grained 
debris flow, (i) Before fine-grained debris flow a 
shale bed is deposited on a sandstone bed. (ii) During 
motion of fine-grained debris flow shale bed brecciates 
and settles into sand. Major turbulence is restricted 
to the lower part of the flow, (iii) After deposition 
of the debris flow shale clasts are concentrated in top 
of the sandstone bed. Sandstone may have fluid escape 
structures (dish structures in the sandstones of Scow 





Figure 13: Paleocurrent rose for the sandstones of Scow Bay.
Average direction is S7E, standard deviation is 31,5°. 
Sample includes 8 flute casts and 6 three dimensional 
exposures of climbing-ripple cross-stratification.
35
PETROLOGY AND PETROGRAPHY 
Introduction
Twenty-five thin-sections were point-counted using a 0.5 mm spacing. 
This spacing prevented counting any but the largest grains more than once.
A 300-grain point count was done on the stained half of each thin-section 
to determine overall compostition of the sandstone. A separate 200-grain 
point count of lithic grains alone was done on the unstained half of each 
thin-section in order to allow better resolution of lithic grain types. 
The results are presented in Appendix 2.
The categories used are standard categories but are listed below to 
avoid any ambiguity or misunderstanding over terms.
Categories for 300-grain total sample point count:
Qm: Monocrystalline quartz. Includes individual grains and any 
crystals fine-sand-sized or larger located in rock fragments.
P: Plagioclase. Includes individual grains and any crystals fine-
sand-sized or larger located in rock fragments.
K: Potassium feldspar. Includes individual grains and any crystals
fine-sand-sized or larger located in rock fragments.
Lt; Lithic grains. Includes all fine-grained rock fragments.
Chi: Chlorite. Includes individual grains and any crystals fine-
sand-sized or greater located in rock fragments.
Hea: Heavy minerals.
Mtx: Matrix. Includes all types of matrix material. A visual
estimate was made of the various types of matrix present.
Cct: Calcite cement. When the calcite cement is replacing an




Misc: Miscellaneous grains which do not fit any of the above
categories. Includes several rare cements.
Categories for the 200-grain lithic point count:
Lvf: Aphanitic felsic volcanic and metavolcanic lithic grains.
Lvm: Aphanitic microlitic volcanic and metavolcanic lithic grains.
Lvl: Aphanitic lathwork volcanic and metavolcanic lithic grains.
Lsm: Fine-grained (grains <silt sized) sedimentary and
metasedimentary lithic grains.
Lss: Siltstone and very fine sandstone lithic grains.
LQp: Polycrystalline quartz and chert.
Lmm: Miscellaneous metamorphic lithic grains with an unidentifiable
protolith.
Lmisc: Miscellaneous unidentifiable lithic grains.
A more detailed description of each of these categories and what each 
includes is given in Appendix 1. Table 5 defines the grain parameters 
used in plotting the compositions of the sandstone point-count data (after 
Ingersoll and Suczek, 1979).
Descriptive Petrography
The sandstones of Scow Bay are dominated by lithic grains. The
average modal analysis is Q F L (see fig. 14 for plots of QFL, QmFLt,
29 15 56
and QpLvLs values). When polycrystalline quartz and chert are includes^
with the lithic grains, the resultant values of QmFLt are Qm F Lt .
19 15 66
The very high lithic percentage and the low amount of matrix present
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Table 5: Grain Parameters (after Ingersoll and Suczek, 1979)
Q = Qm + Qm where
F = P + K where
Lt = L + Qp where
Q = total quartz
Qm = monocrystalline quartz
Qp = polycrystalline quartz and chert
F = total feldspar 
P = plagioclase 
K = potassium feldspar
Lt = total aphanitic lithic grains 
L = aphanitic lithic grains
Lv = Lvf + Lvm +Lvl where Lv = total volcanic and metavolcanic
lithic grains
Lvf = fel sic volcanic and metavolcanic 
lithic grains
Lvm = microlitic volcanic and metavolcanic 
lithic grains
Lvl = lathwork volcanic and metavolcanic 
lithic grains
Ls = Lss + Lsm where Ls = total sedimentary and metasedimentary
lithic grains
Lss = siltstone and very fine sandstone lithic 
grains



























































place the sandstone in the lithic arenite category.
The lithic grains are dominated by sedimentary and metasedimentary
lithic grains (Qp Lv Ls ). Lesser but still significant amounts of
14 20 66
polycrystalline quartz plus chert (Qp) and volcanic and metavolcanic 
lithic grains are also present.
The sedimentary and metasedimentary lithic grains are mainly fine­
grained mudstone, claystone, and muddy chert with lesser amounts of 
siltstone and very fine sandstone (fig. 15). The volcanic and
metavolcanic lithic grains include equal amounts of microlitic and
lathwork volcanic lithic grains (fig. 16) (both heavily altered) and
lesser amounts of low potassium, felsic volcanic lithic grains. The
polycrystalline quartz is sutured but non-foliated and commonly occurs as 
clear veins in muddy or slightly muddy chert grains. Some sedimentary 
lithic grains also have veins of polycrystalline quartz (fig. 16). The 
chert grains are usually slightly muddy, although some are very clear.
The monocrystalline quartz present is a mixture of plutonic and vein 
quartz. Volcanic quartz may be present in minor amounts, although no
euhedral crystals were found. Metamorphic quartz of any kind is rare.
The feldspar present is plagioclase with some potassium feldspar. 
Plagioclase to total feldspar ratios (P/F) average 0.86. A wide range of 
plagioclase compositions is present (see Appendix 1), but albite-rich 
varieties are the most common.
Accessory minerals present in small amounts (<1%) include chlorite 
and epidote. The chlorite is pennine. It is abundant as tiny crystals 
within lithic grains, but it also occurs as discrete grains. Epidote 
occurs either as discrete grains or in quartz-plagioclase plutonic rock 
fragments (fig. 17) and felsic volcanic lithic grains.
Figure 15: Photomicrograph of mudstone, siltstone, and 
very fine sandstone lithic grains. Field of 




Figure 16: Photomicrograph of micro!itic and lathwork 
volcanic lithic grains, polycrystalline quartz, 
veined chert, monocrystalline quartz, and 
mudstone lithic grains with poikilitic calcite 
cement. Field of view: 2.7mm. (a) Plane-
polarized light, (b) cross-polarized light. 
Sample EI-181C-T.
(a)
Figure 17: Photomicrograph of epidote in a quartz- 
plagioclase plutonic rock fragment. Field of 
view: 0.85mm. (a) Plane-polarized light, (b)
cross-polarized light. Sample WI-121.
43
Quartz-plagioclase plutonic rock fragments are present in all the 
samples studied (fig. 18). They were counted as either monocrystalline 
quartz or as plagioclase depending on where the cross-hairs landed on the 
grain. A separate record was kept of these plutonic rock fragments and 
they average 1% of the points counted. Potassium feldspar is not present 
within the quartz-plagioclase plutonic rock fragments, although two 
plagioclase-potassium feldspar plutonic rock fragments were found.
Volcaniclastic Member
The volcaniclastic member of the sandstones of Scow Bay is best 
exposed on the west coast of Indian Island (fig. 19), where it consists of 
basaltic tuff and sandstone. Beds of the volcaniclastic member 
interfinger with the rest of the sandstones of Scow Bay. There are three 
separate beds with a total thickness of almost 20 m exposed on the west 
coast of Indian Island, but only two of these crop out in the center of 
the island. On the east coast of Indian Island, the volcaniclastic member 
has thinned to a single 4.75 m thick bed of lithic sandstone (Plate 1) 
with abundant basaltic tuff matrix. Further east, on the west coast of 
Marrowstone Island (across Scow Bay), this single bed has thinned to less 
than 1.5 m thick. The volcaniclastic member is not exposed on the east 
coast of Marrowstone Island, either because of the poor exposure or 
because it has pinched out before reaching that far east.
On the west coast of Indian Island, the volcaniclastic member is 
black and weathers dark grey to black. On the east coast of Indian Island 
and the west coast of Marrowstone Island, it is dark grey and weathers to 
a grey tan with spheroidal weathering. This spheroidal weathering greatly
(b)
Figure 18: Photomicrograph of quartz-plagioclase plutonic 
rock fragment. Note plagioclase alteration. 
Field of view: 2.7mm. (a) Plane-polarized light, 
(b) cross-polarized light. Sample WM-171C.
Figure 19: Exposure of the volcaniclastic member of the 
sandstones of Scow Bay. West coast of Indian 
Island.
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aids in its identification in the field, since the rest of the unit does 
not weather in this manner.
On the west coast of Indian Island (and in the center of the island) 
the volcaniclastic member is >90% basaltic glass (now altered to 
palagonite) and basaltic sandstone (fig. 20). On the east coast of Indian 
Island and across Scow Bay on the west coast of Marrowstone Island, the 
volcaniclastic member is lithic arenite with abundant basaltic glass (fig. 
21). Here the volcanics have been reworked and mixed with the sands 
characteristic of the rest of the unit.
Since the volcaniclastic member thins so dramatically to the east 
(from three beds totalling 20 m to one reworked bed of 4.75 m within 3 
km), the volcanic source must have been local and to the west. There are 
no paleocurrent indicators in the volcaniclastic member that allow a more 
definite source direction to be identified. It is equally possible for 
the volcanic source to have been northwest, southwest, or due west from 
the subsea fan on which the lithic sands of the rest of the sandstones of 
Scow Bay were being deposited.
Basalt Dikes
At least four basalt dikes intrude the sandstones of Scow Bay (fig. 
2). Gower (1980) mapped several additional dikes, but they are not 
presently exposed. The dikes vary in thicknes from 1 m to 6.5 m. The
basalt is deeply weathered except where active wave erosion has exposed 
fresh rock.
The dike on the east coast of Marrowstone Island is the thickest and 
best exposed (fig. 22). There is a baked zone extending 2-3 m to either
Figure 20; Photomicrograph of basaltic tuff altered to 
palagonite from volcaniclastic member where exposed in 
center of Indian Island. Field of view: 2.1mm. Plane- 
polarized light. Sample I-V2.
Figure 21: Photomicrograph of tuffaceous lithic arenite 
from the volcaniclastic member on the east 
coast of Indian Island. Field of view: 2.7mm. 
Cross-polarized light. Sample EI-VOLC.
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Figure 22: Basalt dike on east coast of Marrowstone Island 
with more resistant baked zone. Hiking staff 
in center right is 1.6m long.
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side of this dike where the sandstone is preferentially cemented with 
calcite. The dike has a well developed chill zone grading into a more 
crystalline central zone. The basalt in the chill zone is porphyritic 
with calcite pseudomorphs after pyroxene and plagioclase (fig. 23). The 
ground mass in the chill zone has dendritic quench texture and some 
altered glass. The central zone consists of Fe-rich augite and 
plagioclase with subophitic to diabasic texture (fig. 24). Iddingsite 
occurs as pseudomorphs after olivine. Minor opaque minerals are present.
The basalt dikes intruding the sandstones of Scow Bay contain only 
one pyroxene and are probably alkalic basalt. The Crescent Formation on 
the Quimper peninsula and elsewhere contains metamorphic pumpellyite. 
Also, the majority of the Crescent Formation consists of tholeiitic 
basalt. As the basalt dikes intruding the sandstones of Scow Bay do not 
include pumpellyite and are probably alkalic, they probably do not relate 
to the tholeiitic basalts of the Crescent Formation. As the dike on the 
east coast of Indian Island is stratigraphically above the volcaniclastic 
member (Plate 1), it is unlikely that the dikes are related to the local 
volcanic center from which the volcaniclastic member erupted. 
Unfortunately, the basaltic sandstones in the volcaniclastic member are 
too altered for it to be determined if they are alkalic basalt or not.
Correlation of the Four Stratigraphic Sections
Correlation of the four stratigraphic sections of the sandstones of 
Scow Bay is very difficult. The volcaniclastic member is the best 
stratigraphic marker present and can be traced across Scow Bay from the 
east coast of Indian Island to the west coast of Marrowstone Island. The
Figure 23: Photomicrograph of porphyritic basalt with 
cal cite pseudomorphs after pyroxene and 
plagioclase. Field of view: 2.1mm. Cross-
polarized light. Sample Tbi-4.
Figure 24: Photomicrograph of basalt with subophitic to 
diabasic texture. Sample from central portion 
of dike on the east coast of Marrowstone 
Island. Field of view: 3.4mm. Cross-polarized 
light. Sample Tbi-1.
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volcaniclastic member can also be used to correlate across Indian Island, 
although it is impossible to identify which of the three volcaniclastic 
beds present on the west coast of Indian Island correlates with the single 
bed on the east coast of Indian Island.
One of the two thick siltstone beds present on the east coast of 
Indian Island is exposed on the wave cut bench on the west coast of 
Marrowstone Island. If the second could be identified, it would be 
possible to use them to correlate across Scow Bay. Unfortunately, the 
second siltstone bed can not be identified, although it is probably 
present and not exposed.
The stratigraphic section on the east coast of Marrowstone Island is 
the structurally most complex of the four stratigraphic sections. It is 
also the most incomplete. For these reasons, it is impossible to 
specifically correlate any part of the stratigraphic section on the east 
coast of Marrowstone Island with any of the rest of the unit.
Diagenesis
The diagenesis of the sandstones of Scow Bay was very complex and 
involved at least six different cements: low-Mg calcite, laumontite, 
phyllosilicate minerals, pyrite, quartz overgrowths, and albite 
overgrowths. Of these, only the first three are present in significant 
quantities. The following discussion is merely a summary of the 
diagenesis of the sandstones.
The first stage of diagenesis in the sandstones of Scow Bay began 
very early, before significant compaction had occurred, with the formation 




Figure 25: X-ray diffraction patterns from three carbonate concretions
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the x-ray diffraction patterns from three of the carbonate concretions 
(samples EI-171C, WM-151C, and EM-131C). All three samples are low-Mg 
calcite. Sample EI-171C has the most calcite present (45% in thin 
section) and has the strongest low-Mg calcite peaks. Samples WM-151C and 
EM-131C also show strong calcite peaks but have relatively stronger quartz 
and plagioclase peaks due to a lower carbonate content.
Pantin (1958) developed a classification of carbonate concretions 
according to when they formed during diagenesis. Syngenetic concretions 
form on the surface of the sediment and should show evidence of exposure 
to sea water. Diagenetic concretions form within unconsolidated sediment 
and protect the sediment host from all later diagenesis. Epigenetic 
concretions form after consolidation of the sediment. Once formed they 
also protect the sediment host from all later diagenesis.
Raiswell (1971) described two stages of concretionary growth from 
Upper Cambrian sediments in South Wales. The early stage of concretionary 
growth took place during sediment compaction from 70% porosity to less 
than 40% porosity. The second stage began in sediment of about 40% 
porosity and little or no compaction took place during concretion 
formation. Raiswell's work demonstrates that the division between 
diagenetic concretions and epigenetic concretions is arbitrary: his early 
stage concretions began as diagenetic concretions and continued growth 
into what would be considered the epigenetic stage. The two types of 
concretions grade into each other and often coexist in the sediment.
The calcite concretions in the sandstones of Scow Bay have between 
32% and 46% calcite cement. The calcite is usually poikilitic. In some 
extreme examples the grains in an entire thin-section are cemented by a 
single calcite crystal (fig. 16). The sand grains commonly are floating 
(not in contact with other grains) in the calcite concretions.
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particularly in the concretions with poikilitic calcite crystals. In 
these cases, it is clear that the concretions formed before any 
significant compaction had taken place.
The calcite concretions in the sandstones of Scow Bay are mainly 
diagenetic concretions, but grade into epigenetic concretions. 
Concretionary growth took place for some time during early diagenesis. 
The calcite concretions protected the host sediment from all later 
diagenesis including compaction. For this reason, the concretions are 
very useful is determining the original composition of the sands.
The concretions are usually found in sandstone beds. Some 
concretions are present in the siltstone interbeds, but they are uncommon 
and poorly developed. Concretions usually occur in zones within the 
sandstone beds that are parallel to the bed contacts. These zones were 
probably more permeable and may have preferentially acted as migration 
paths for pore waters (Raiswell, 1971). Concretionary growth may have 
occurred to relieve supersaturation of these pore waters (Raiswell, 1971).
It is very difficult to identify the relative timing of the various 
cements that developed after concretionary growth ended. This difficulty 
is largely due to variation in the cements present in different beds 
throughout the unit: the apparent order in one sample may differ 
completely from that in another. Also not all cements are present in all 
samples. The following discussion describes the most common order of 
cements, but should not be taken as an absolute for the entire unit.
During the earliest stage of post-concretion cementation 
phyllosilicate films developed (fig. 26). The phyllosilicate is most 
likely smectite from the crystal form seen under the scanning electron 
microscope (SEM), but it also may be chlorite or mixed layer
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Figure 26: SEM photomicrograph of early phyllosi1icate 
films (smectite ?) with later laumontite 
crystals. Sample EI-141.
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chlorite/smectite as these have similar crystal form (Scholle, 1979). In 
one sample, the phyllosi1icate films developed into a pore filling cement 
(figs. 27 and 28).
The zeolite mineral laumontite grew as a later cement, often on the 
phyllosilicate films (fig. 26). Clearly seen as a pore filling cement in 
thin section (fig. 29), the laumontite conmonly displays well developed 
crystals under the SEM (fig. 26). The laumontite often replaces grains. 
Plagioclase grains and plagioclase-rich volcanic lithic grains seem 
particular!ly prone to this. The plagioclase grains appear strongly 
etched under SEM (fig. 30).
Following (and partially contemporaneous with) the laumontite cement, 
there was a second stage of phyllosilicate cement (fig. 31). The mineral 
involved is dominantly chlorite or chlorite/smectite, but minor illite was 
seen in some samples.
Calcite also developed as a late stage cement. It developed after 
the laumontite cement. This late stage calcite cement often appears with 
laumontite (fig. 32) but fills smaller pores, indicating some additional 
compaction had occurred before the development of the calcite. The 
relationship between the late stage phyllosilicate cement and the late 
stage calcite cement is unknown, as they are not found together.
Minor pyrite cement is found in many samples (fig. 29). Locally, the 
pyrite developed into concretion-like balls one to two centimeters in 
diameter. The highest concentration of these pyrite balls occurs on the 
west coast of Indian Island along Portage Canal, where the pyrite also 
occurs as burrow fillings. Isolated pyrite balls, however, have been 
found in all four sections. The pyrite replaces grains in these pyrite 
balls (fig. 33). Because the pyrite fills smaller pore spaces (when it is 
not replacing grains) than does the laumontite cement, it is believed to

Figure 28: Photomicrograph of pore-filling phyllosi1icate 
cement and minor pyrite cement (left). Field of 
view; 0.85mm. Plane-polarized light. Sample WM- 
lllA.
Figure 29; Photomicrograph of pore-filling laumontite 
cement. The laumontite is stained pink. Field 
of view: 2.7mm. Plane-polarized light. Sample
WM-lllB.
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Figure 31: SEM photomicrograph of late stage 
phyllosi1icate cement growing on (and with) 
laumontite crystals. Sample WI-151.
Figure 32: Photomicrograph of laumontite, late-stage 
calcite, and quartz overgrowth cements. Field 
of view: 2.1mm. Cross-polarized light. Sample
WI-151-T2.
Figure 33: Photomicrograph of pore-fiHing pyrite cement 
replacing sand grains. Field of view: 0.85mm. 
Cross-polarized light. Sample EI-141.
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have formed after the laumontite cement. Is is possible, however, that it 
formed earlier and was not strong enough to resist crushing during 
compaction. The relative position of the pyrite with the other late stage 
cements is unknown.
Two samples (WI-151 and WI-191) have well developed quartz overgrowth 
cement (fig. 32). Sample WI-191 also has very minor albite overgrowth 
cement. The quartz cement predates the late stage cal cite cement and may 
predate the laumontite cement. The relative position of the albite cement 
is unknown. Why quartz cement should develop in these two samples alone 
is not understood, but the cause could have something to do with the 
proximity of the volcaniclastic member and the alteration of the basaltic 
tuffs.
Compaction of the sandstones of Scow Bay continued during and after 
the formation of the various cements. Minor amounts of pseudomatrix 
formed from crushing of weak lithic grains during compaction. Many grains 
were deformed but are still recognizable. Between compaction and 
cementation, the porosity of the sandstone has been reduced to almost 
zero.
Galloway (1974, 1979) has described the stages of authigenic cements 
that are found in lithic (particularly volcanic lithic) arenites. He 
recognized four stages of cements: (1) early calcite cement which locally 
completely fills pore space (concretions), (2) development of clay rims 
and films, (3) authigenic phyllosi1icate and (or) laumontite pore filling 
cement, and (4) late stage calcite replacement/pore filling cement and 
siliceous overgrowths (Galloway, 1974). All four stages are clearly found 
in the sandstones of Scow Bay, although there are additional complications 
present which are not well understood. Galloway (1974, 1979) attributes
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formation of each new phase to an increase in temperature.
Zeolite-facies minerals can be used to estimate the maximum
temperature that a rock reached during diagenesis (Hoffman & Hower, 1979;
Ghent, 1979). Hoffman & Hower (1979) estimate temperatures of 100 to 
0
200 C for sandstones with laumontite. They also estimate temperatures of 
0
50 to 60 C for discrete smectite. As smectite films and pore filling
cement survived the later laumontite formation in the sandstones of Scow
Bay, the maximum temperature was probably in the low end of the laumontite
0
range (between 100 and 150 C). As this is not an equilibrium assemblage, 




Most important in identifying the provenance of the sandstones of 
Scow Bay are the abundant lithic grains and rock fragments present. (Rock 
fragments are polycrystalline grains too coarse to be counted as lithic 
grains in a point count.) When the lithic grains and rock fragments are 
analyzed in combination with the monocrystalline grains, a clearer picture 
of the provenance appears. The following discussion of the provenance of 
the sandstones of Scow Bay is divided into several sections: geology of
the source area, climate and relief, and transportation distance of the 
sediment. The possible source areas are covered separately in the 
discussion.
Geology of the Source Area
The source area for the sandstones of Scow Bay included significant 
areas of immature clastic sedimentary rocks. These sedimentary rocks 
contributed the single largest constituent to the sands in the sandstones 
of Scow Bay. The clastic sedimentary rocks included mudstones, 
siltstones, and wackes. The sedimentary rocks of the source area had been 
metamorphosed to sub-greenschist facies.
The abundant volcanic rocks in the source area were also 
metamorphosed. These were intermediate to mafic volcanics with lesser 
amounts of felsic volcanics. The felsic volcanics were very potassium- 
poor. They were most likely quartz keratophyre, which is a fine-grained 
quartz-plagioclase rock often including epidote and chlorite as alteration
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products (Coleman, 1977; Barker, 1983). Several of the felsic volcanic 
lithic grains in the sandstones of Scow Bay contain epidote. Keratophyre 
is usually associated with ophiolite sequences (Coleman, 1977; Barker, 
1983).
Chert was common in the source area. Most of the chert was slightly 
muddy, some of it very muddy. Polycrystalline quartz veins were common in 
the chert.
Coarse vein quartz was present in the source area, as vein quartz 
with bubble trains is common in the sandstones of Scow Bay (fig. 34).
Plutonic quartz is fairly common in the sandstones of Scow Bay. This 
quartz is also found in the quartz-plagioclase plutonic rock fragments 
present in most of the samples studied. The igneous rock that includes 
quartz and plagioclase without any potassium feldspar is plagiogranite. 
Plagiogranite forms as the latest stage of differentiation of a basaltic 
magma in ophiolite sequences (Coleman, 1977; Barker, 1983). Keratophyre 
is the extrusive, fine-grained equivalent of plagiogranite (Barker, 1983). 
Plagiogranite contains only minor mafic minerals, and those present are 
usually altered to chlorite, epidote, or actinolite (Coleman, 1977). The 
quartz-plagioclase plutonic rock fragments present in the sandstones of 
Scow Bay sometimes include epidote or chlorite or, rarely, both. 
Therefore, these rock fragments are most likely plagiogranite rock 
fragments. The plagiogranite rock fragments combined with the keratophyre 
felsic volcanic lithic grains and the chert strongly indicate the presence 
of an ophiolite sequence in the source area.
Although potassium feldspar is present in the sandstones of Scow Bay 
it is very rare, composing less than 1% of the sand grains. Most of the 
plagioclase came either from the volcanics or from the plagiogranite in
Figure 34: Photomicrograph of monocrystalline quartz with 
small bubble trains and micrilitic volcanic 
lithic grain. Field of view: 0.85mm. Plane-
polarized light. Sample WM-201C
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the source area. Therefore, the source area must have lacked any 
significant amounts of siliceous plutonic igneous rocks, other than the 
plagiogranite, or high-grade metamorphic rocks. The very small amount of 
foliated polycrystalline quartz present supports the absence of high grade 
metamorphic rocks in the source area.
Climate and Relief in the Source Area
The climate in the source area was most likely quite warm and humid. 
The best evidence for this is the almost complete weathering of the mafic 
minerals in the volcanic lithic grains. Some grains were so weathered 
before deposition that even the plagioclase crystals are altered. The 
fossils in the Chuckanut Formation of northwestern Washington also 
indicate a warm, humid climate in the Middle Eocene (Pabst, 1968).
Relief in the source area was most likely moderate. Very high relief 
would have produced sediment faster than even a warm, humid climate could 
have weathered it, yet most of the volcanic lithic grains were weathered. 
Very low relief in a warm, humid climate would result in only the most 
resistant minerals surviving weathering. The abundance of lithic grains 
precludes this possibility. Therefore, it is most likely that the relief 
was moderate.
Sediment Transport Distance
The sands in the sandstones of Scow Bay were not transported very far 
before entering the subsea fan system in which they were deposited. The 
numerous sedimentary lithics would never have survived the mechanical
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abrasion of extensive transport. The sediment was transported directly to 
the subsea fan system without cycling through shallow marine or beach 
environments for very long, as these environments break down sediment 
rapidly.
Although it is possible to say that the transportation distance was 
short, it is not possible to determine exactly how far it was. It was 
likely on the order of tens of kilometers, however, rather than hundreds 
of kilometers.
Discussion
When trying to identify the source area for the sandstones of Scow 
Bay, several possible areas must be considered. Locally they include the 
North Cascades, the area of deposition of the Puget Group, the Crescent 
Formation seamounts, Vancouver Island, the Leech River unit, and the San 
Juan Island terranes (fig. 35). Each of these possible source areas has 
characteristic rock types that can be compared with the lithic grains in 
the sandstones of Scow Bay to test whether it could have provided the 
sediment for the sandstones of Scow Bay. In two of these areas (the North 
Cascades and the Puget Group area) Middle Eocene continental sediments 
were being deposited at the same time as the sandstones of Scow Bay. If 
either the North Cascades or the Puget Group area were the source area, 
then the sandstones of Scow Bay would be the marine equivalent of the 
continental sediments. Therefore, the petrology of the continental 
sediments should be similar to the petrology of the sandstones of Scow 
Bay. The following discussion will treat each of the possible source areas 
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Figure 35: Geologic sketch map of western Washington and adjacent 
British Columbia showing possible source areas for the 
sandstones of Scow Bay.
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comparing these with the petrologic data from the sandstones of Scow Bay 
to determine if it could have been the source area.
The North Cascades: The Chuckanut Formation is a very thick (about 
6000 m) sequence of alluvial strata deposited during the Early to Middle 
Eocene (Johnson, 1982). It includes arkosic sandstone, shale, and 
conglomerate derived from the north and east (Johnson, 1982). The main 
outcrop belt of the Chuckanut Formation is near Bellingham, but isolated 
outcrops also occur southeast and east of Mount Vernon (fig. 35). Figure 
36 presents triangular plots of the Chuckanut Formation (data from 
Johnson, 1982).
A comparison of the petrology of the Chuckanut Formation with that of 
the sandstones of Scow Bay reveals several major differences. The most 
obvious difference is in the lithic content of the sands. Not only are 
the sandstones of Scow Bay significantly more lithic rich (66% total 
lithic grains for the sandstones of Scow Bay versus 27% total lithic 
grains for the Chuckanut Formation), but even the types of lithic grains 
are different. The sandstones of Scow Bay are rich in mudstone, 
siltstone, and very-fine sandstone lithics, whereas the Chuckanut 
Formation lithic grains are dominantly polycrystalline quartz and chert. 
Significant differences can also be found in other components (compare 
figs. 14 and 36).
As the petrology of the sandstones of Scow Bay is so different from 
the petrology of the Chuckanut Formation, it is clear that the sandstones 
of Scow Bay are not derived from the North Cascades. Any sediment shed 
off the area of the North Cascades during the Middle Eocene would have had 
to pass through the Chuckanut fluvial system to reach the sandstones of 

















































































that the sandstones of Scow Bay are not the marine equivalent of the 
Chuckanut Formation.
The Puget Group Area: The Middle to Upper Eocene Puget Group
contains over 2700 m of deltaic sediments exposed southeast of Seattle
(fig. 35) (Buckovic, 1979). Underlying the Puget Group near the northern
edge of the outcrop area (near Tiger Mountain) is the marine Middle Eocene
Raging River Formation (Buckovic, 1979). Armentrout & Berta (1977),
Armentrout & Cole (1979), and Armentrout (1984) interpreted the sandstone
of Scow Bay as a distal facies of the Puget Group delta. A comparison of
the petrology of the two units is needed to evalutate this interpretaion.
Frizzell (1979) presents modal analysis of the Puget Group and of the
Raging River Formation (fig. 36). There are several immediately apparent
differences between the Puget Group area rocks (including both the Puget
Group and the Raging River Formation) and the sandstones of Scow Bay. The
greatest difference lies in the lithic category. Where the sandstones of
Scow Bay average 56% lithic grains (66% total lithic grains), the Puget
Group averages only 12% lithic grains (29% total lithic grains). The
Raging River Formation is fairly lithic rich ( 56% total lithic grains)
but the composition of its lithic grains is totally different from that of
the sandstones of Scow Bay. Where the sandstones of Scow Bay are very
rich in sedimentary lithic grains (Qp Lv Ls ) the rocks of the Puget
19 15 66
Group area are depleted in sedimentary lithic grains and are rich in
polycrystalline quartz and chert (Puget Group: Qp Lv Ls ; Raging River
59 28 13
Formation: Qp Lv Ls ).
50 38 12
If the sandstones of Scow Bay were a distal facies of the Puget Group 
delta, one would expect the petrology of the two units to be similar. Any 
changes would be expected to reflect the increase in transport distance 
from the delta front to the subsea fan. Thus, any changes should entail a
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decrease in the number of easily destroyed lithic grains (sedimentary 
lithic grains in particular are very easily destroyed) not the increase 
seen between the Puget Group area rocks and the sandstones of Scow Bay. 
It is clear that the sandstones of Scow Bay are not a distal facies of the 
Puget Group delta.
The Crescent Formation Seamounts: The Crescent Formation is Early to 
Middle Eocene basalts and interbedded marine sedimentary rocks believed to 
be part of an accreted seamount chain (Tabor & Cady, 1978). The 
sandstones of Scow Bay may be partially coeval with the Crescent Formation 
(Worsley & Crecelius, 1972). Sediment derived from the Crescent Formation 
seamounts would contain dominantly mafic volcanic lithic grains. If the 
transport distance was short, olivine and pyroxene might appear as heavy 
minerals. Quartz would not be a major component. Minor basaltic tuff 
might be present.
The petrology of the sandstones of Scow Bay does not show the 
components expected of sediment derived from the Crescent Formation 
seamounts. Although mafic volcanic lithic grains are present in the 
sandstones of Scow Bay, they do not make up a large percentage of the 
total grains (they are <4%). The Crescent Formation seamounts also do not 
include any possible source for the quartz-plagioclase plutonic rock 
fragments, the felsic volcanic lithic grains, the microlitic volcanic 
lithic grains, the abundant quartz, or the epidote. The sandstones of 
Scow Bay were not derived from the Crescent Formation seamounts.
Vancouver Island: Vancouver Island includes several pre-Tertiary 
rock groups that could have contributed sediment to the sandstones of Scow 
Bay. The largest group in areal extent is the Middle to Late Triassic 
Vancouver Group. The Vancouver Group is composed mainly of the Karmutsan
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Basalts with minor siltstone, limestone, and chert. Other pre-Tertiary 
rock groups include the upper Paleozoic Sicker Group of intermediate to 
silicic volcanics with minor argillite, limestone, and chert; the Jurassic 
Bonanza Group of intermediate to silicic volcanics; the Jurassic Island 
Intrusions of granodiorite, quartz diorite, granite and quartz monzanite; 
the Wark and Colquitz gneiss; and the Upper Cretaceous marine and 
nonmarine sediments of the Nanaimo Group. (Muller, 1977).
The Nanaimo Group received sediment from the Coast Plutonic Belt, the 
Insular Belt (the rest of Vancouver Island), the North Cascades, and the 
San Juan Islands terranes during the Late Cretaceous (Pacht, 1984). 
Therefore, these terranes had to have been in approximately the same 
position relative to one another during the Late Cretaceous as they are 
today. On Sucia Island, in the northern San Juan Islands, the Chuckanut 
Formation overlies the Nanaimo Group (Johnson, 1982). Any sediment eroded 
off the Nanaimo Group, therefore, would have had to cross the Chuckanut 
system before it could have reached the sandstones of Scow Bay. In view 
of the present geography, the Nanaimo Group could not have been a source 
for the sandstones of Scow Bay.
Sediment derived from the older rocks of Vancouver Island would be 
rich in volcanic lithic grains, monocrystalline quartz, and plagioclase 
with lesser amounts of sedimentary lithic grains and polycrystalline 
quartz. Quartz diorite from the Island Intrusions could also contribute 
quartz-plagioclase plutonic rock fragments containing <20% quartz (Muller, 
1977). Some parts of the Colquitz Gneiss could also contribute quartz- 
plagioclase plutonic rock fragments, but would also likely include biotite 
or hornblende.
Although volcanic lithic grains are common in the sandstones of Scow 
Bay, they are not the dominant constituent. There is a much higher
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proportion of sedimentary lithic grains than would be expected if 
Vancouver Island were the source area. Also, the quartz-plagioclase 
Plutonic rock fragments in the sandstones of Scow Bay average much more 
than 20% quartz and do not contain biotite or hornblende. Therefore, the 
majority of the quartz-plagioclase plutonic rock fragments could not have 
been derived from Vancouver Island. The sandstones of Scow Bay probably 
were not derived primarily from Vancouver Island. Some of the volcanic 
lithic grains and minor plutonic rock fragments could have come from 
Vancouver Island and mixed in with sediment from a different source rich 
in sedimentary rocks.
The Leech River Unit: The Leech River unit is a metamorphosed 
sequence of politic rocks, sandstone, volcanic rocks, chert, and minor 
conglomerate of probable Mesozoic age (Fairchild, 1979). Since 
metamorphism of the Leech River unit concluded at approximately 40Ma, the 
unmetamorphosed protolith rocks must be considered when discussing posible 
source rocks for the sandstones of Scow Bay. Sediment eroded off the 
protolith of the Leech River unit would be rich in sedimentary lithic 
grains with lesser amounts of volcanic lithic grains and chert.
Although the sediment expected from the Leech River unit is very 
close to the composition of the sandstones of Scow Bay, two important rock 
types are missing. There is no apparent source for either the keratophyre 
quartz-plagioclase-epidote felsic volcanic lithic grains or the quartz- 
plagioclase plutonic rock fragments.
Another possibility which requires consideration is that the sediment 
from the Leech River unit combined with sediment from another source 
(which included keratophyre and quartz-plagioclase plutonic rocks) to 
produce the sandstones of Scow Bay. The Leech River unit is
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allochthonous, and was accreted onto Vancouver Island after 40 Ma 
(Fairchild, 1979; Fairchild & Cowan, 1982; Cowan, 1982; Rusmore & Cowan, 
1983). The actual location of the Leech River unit during the Middle 
Eocene is difficult to pin down (Cowan, 1982), but somewhere south and 
(or) west of its present position is the most likely location (Cowan,
1982, Wells et al, 1984). At present, our limited knowledge of what rocks
would have been associated with the Leech River unit in the Middle Eocene 
does not include a possible source for the quartz-plagioclase felsic 
volcanic and plutonic grains present in the sandstones of Scow Bay (Cowan, 
1982).
If the Leech River unit was the source area for the sandstones of
Scow Bay, they would have to have been deposited at least 70-80 km west of
their present location relative to Vancouver Island. This is required to
compensate for the post-40 Ma displacement of the Leech River Fault and
the San Juan Fault. The sandstones of Scow Bay would then have been
transported east and emplaced between North America and the Olympic
Peninsula as the Crescent/Metochosin basalts were displaced along the
Leech River Fault. It seems likely that a unit moved 70-80 km east under
these conditions would be complexly deformed, yet the sandstones of Scow
0
Bay were only mildly deformed (<10 dip) before deposition of the Upper 
Eocene (approx. 38-37 Ma) shallow marine Quimper Sandstone on the 
unconformity.
Given the number of problems associated with Leech River unit as a 
possible source, it is unlikely that the sandstones of Scow Bay were 
derived from the Leech River unit.
The San Juan Islands Terranes: Whetten et al (1978) divided the San 
Juan Islands into seven terranes (fig. 37): the Middle to lower Upper
Jurassic Sinclair Terrane with graywacke, argillite, chert, and pillow
81
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Figure 37: Generalized geologic map of 
Whetten et al., 1978). See
the San Juan Islands.(from 
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lava; the Upper Jurassic to Lower Cretaceous Decatur Terrane with 
turbidite sandstone, mudstone, and conglomerate, and the Middle to Upper 
Jurassic Fidalgo Ophiolite; the Upper Jurassic to middle Cretaceous Lopez 
Terrane with Cretaceous graywacke, argillite, chert, and pillow lava; the 
Jurassic to Lower Cretaceous (?) Constitution Terrane with volcanic 
graywacke, tuff, and pillow lava; the Triassic Eagle Cove Terrane with 
tuff, argillite, and chert; the Paleozoic Roche Harbor Terrane with 
limestone, volcanic rocks, clastic rocks, and chert; and the Precambrian 
(?) to Paleozoic Turtleback intrusive igneous complex and associated 
andesitic sedimentary and volcanic rocks. Although most of these terranes 
include intermediate to mafic volcanic rocks, the San Juan Islands are 
dominated by sedimentary rocks: graywacke, mudstone, argillite, and 
chert. This mixture of sedimentary rocks with lesser volcanics matches 
quite well with the composition of the lithic grains in the sandstones of 
Scow Bay.
The Decateur Terrane includes the Fidalgo Ophiolite: a possible 
source for the quartz-plagioclase plutonic rock fragments and the 
keratophyre felsic lithic grains. The Fidalgo Ophiolite includes 
serpentinite, layered gabbro, a dike complex dominantly of plagiogranite, 
and volcanic rocks, mainly keratophyre (Brown et al, 1979). It is 
overlain by the turbidite sandstone, mudstone, and conglomerate of the 
rest of the Decateur Terrane. The Fidalgo rocks have been metamorphosed 
and contain chlorite and epidote.
A comparison of the plagiogranite from Fidalgo Island (fig. 38) with 
quartz-plagioclase plutonic rock fragments from the sandstones of Scow Bay 
(fig. 17) shows striking textural and mineralogic similarities. Both 
samples have epidote and pennine chlorite. The proportion of quartz to
84
Figure 38: Photomicrograph of plagiogranite from Fidalgo 
Island. Note plagioclase alteration. Field of 
view: 2.1mm. Plane-polarized light. Sample 52-
F7 of Dr. E. H. Brown.
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plagioclase is about the same. Even the alteration of the plagioclase is 
the same. The quartz-plagioclase plutonic rock fragments in the 
sandstones of Scow Bay certainly could have come from the Fidalgo 
Ophiol ite.
The Fidalgo Ophiolite, however, is not the only sequence of 
ophiolitic rocks in western Washington. Small bodies of ophiolitic rocks 
occur scattered through the western foothills of the Cascade Mountains 
(fig. 35). The Ingalls ophiolite occurs in the Central Cascades (fig. 
35). Although silicic rocks (plagiogranite and quartz-keratophyre) occur 
in several of these ophiolitic bodies only the rocks in the Table Mountain 
area, south of Sedro Wooly, have significant amounts of them (Vance et al, 
1980). Even though the rocks of the Table Mountain area do contain 
significant amounts of silicic rocks, the Fidalgo Ophiolite includes more 
(Vance et al, 1980). Therefore, the Fidalgo Ophiolite is the most likely 
source for the quartz-plagioclase plutonic rock fragments and the 
keratophyric felsic volcanic lithic grains. It is quite possible, 
however, that some of these grains were derived from other ophiolitic 
rocks in the area.
Summary: The possible source areas seen today of the sandstones of 
Scow Bay include the North Cascades, the area of deposition of the Puget 
Group, the Crescent Formation seamounts, Vancouver Island, the Leech River 
unit, and the San Juan Islands terranes. Of these, only the San Juan 
Islands terranes have the same rock types as the lithic grains in the 
sandstones of Scow Bay and in approximately the same proportions. Only 
the San Juan Islands terranes are dominated by sedimentary rocks, include 
intermediate to mafic volcanic rocks, and include an ophiolite complex 
with plagiogranite and keratophyre. The San Juan Islands terranes are the 
most likely source for the sandstones of Scow Bay although partial input
86
of sediment from Vancouver Island is possible.
When the rest of the factors contibuting to provenance (climate and 
transportation distance) are taken into account, the San Juan Islands 
terranes are still the best choice for source area. The climate in the 
San Juan Islands terranes had to have been fairly warm and humid during 
the Eocene because they were very near the warm and humid Chuckanut 
fluvial system. Also, the San Juan Islands are only 50-60 km from Indian 
and Marrowstone Islands and the sandstones of Scow Bay. This distance was 
probably somewhat greater during the Eocene (see the Tectonic Model 
section for a full discussion). 50-60 km is well within the range of 
transportation distance determined from the petrology of the sandstones.
Paleocurrent indicators in the sandstones of Scow Bay also support 
the San Juan Islands terranes for the source area. The average direction 
of paleocurrent indicators is S7E (fig. 13). Although there are not 
enough paleocurrent indicators for this to be considered a statistically 
adequate sample, and there is little evidence regarding possible tectonic 
rotation, the results certainly indicate a source generally to the north 




In developing a tectonic model for the Middle Eocene that 
accounts for the deposition of the sandstones of Scow Bay, several 
questions must be addressed. One of the most important is the location of 
the Scow Bay subsea fan during the Middle Eocene relative to both North 
America and the Crescent Formation seamount chain. If the location of the 
subsea fan can be determined, it may help to clarify the location of the 
tectonic suture between the Olympic Penisula terrane and rocks of North 
American affinities. A model has been developed, using the information 
gained in this study, that attempts to describe where the subsea fan may 
have been located and why it developed when it did.
Figure 39 illustrates the possible paleogeography of western 
Washington and adjacent British Columbia at the beginning of Eocene time 
(approx. 55 Ma). Vancouver Island, the Coast Plutonic Complex, the North 
Cascade terranes and the San Juan Island terranes were in approximately 
the same position relative to each other as they are today. Evidence for 
this is the Nanaimo Group, which received sediment from all four of these 
blocks during the Late Cretaceous (Pacht, 1984).
The Leech River unit was accreted to Vancouver Island after 40 Ma 
(Cowan, 1982; Rusmore & Cowan, 1983). The exact position of the Leech 
River unit during the Early Eocene is difficult to determine, but a likely 
position is somewhere west and south of its present location (Cowan, 1982; 
Wells et al., 1984). (Johnson (in press) disagrees with this model. See 
next section for a discussion of Johnson's model.)
Right-lateral strike-slip displacement on the Straight Creek fault 
has been estimated as 150-160 km (Misch, 1977; Frizzell, 1979; Vance et 
al., 1980). Although most of this motion probably took place before the
88
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Figure 39: Paleogeography of western Washington and adjacent British 
Columbia at the beginning of Eocene time. Approximately 
55 Ma. See text for explanation. Present day shoreline 
of the San Juan Islands, the Gulf Islands, and Vancouver 
Island shown for reference.
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Eocene (Tabor et al., 1984), the fault was also active during the Early 
and Middle Eocene (Frizzell, 1979; Johnson, 1982). Therefore, figure 39 
shows the block west of the Straight Creek fault displaced south from its 
present position relative to the area east of the fault. The amount of 
motion that took place in the Eocene is unknown, so the distance shown was 
arbitrarily chosen.
Figure 40 is a paleogeographic sketch of western Washington during 
the Middle Eocene. During the time span between figures 39 and 40, the 
block west of the Straight Creek fault has moved north. There are south­
dipping thrust faults in the northern San Juan Islands terranes that are 
Tertiary in age, since the Upper Cretaceous Nanaimo Group was involved in 
the motion (Whetten et al., 1978). I propose that these faults may be 
Early to Middle Eocene in age, as motion on these faults could have caused 
the uplift in the San Juan Islands terranes that led to their erosion and 
deposition as the sandstones of Scow Bay. Independent evidence of uplift 
in the San Juan Islands area is provided by southeastery paleocurrent 
directions in the Middle Eocene Padden Member of the Chuckanut Formation 
on Sucia Island (fig. 41) (Johnson, 1982).
One problem with this model is the lack of an explanation for why the 
thrust faults developed. The petrology of the sandstones of Scow Bay 
apparently document a local uplift in the San Juan Islands terranes that 
may have included parts of southern Vancouver Island. Motion of the 
thrust faults in the northern San Juan Islands terranes could have caused 
this uplift. However, the present state of knowledge of fault 
interactions in the San Juan Islands terranes does not allow the 
determination of a mechanism for Early to Middle Eocene thrust faulting. 
Although it seems likely that the uplift was related to the thrust faults.
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Scale
Figure 40: Paleogeography of western Washington and adjacent British
Columbia during the Middle Eocene deposition of the sandstones 
of Scow Bay. Approximately 43-47 Ma. See text for explanation. 
LRU = Leech River unit. Present day shoreline of the San Juan 





































it is possible that the uplift was independant of them and that the thrust 
faults developed at a later time.
There was a local basaltic volcanic center somewhere just to the west 
of the subsea fan on which the sandstones of Scow Bay were being 
deposited. Given the abrupt thinning of the volcaniclastic member along 
strike, it is likely that this volcanic center was very close, perhaps 
less than 10 km away. It is possible that the basaltic dikes that 
intruded the sandstones of Scow Bay were associated with this volcanic 
center, but that interpretetion is unlikely as one of the dikes (on the 
east coast of Indian Island) occurs stratigraphically above the 
volcaniclastic member (Plate 1).
During the Late Eocene to Early Oligocene important rearrangements 
occured among the tectonic blocks in western Washington and adjacent 
British Columbia (fig. 42). The Leech River unit was emplaced along the 
San Juan Fault, followed closely by emplacement of the Metochosin 
volcanics along the Leech River Fault (Cowan, 1982; Fairchild & Cowan, 
1982). At least 70-80 km of left-lateral motion along the Leech River 
Fault has been documented by Fairchild (1979), Fairchild & Cowan (1982), 
Cowan (1982), and Rusmore & Cowan (1983). Some of this motion was taken 
up by motion on the Devils Mountain Fault. Fairchild (1979) and Fairchild 
and Armentrout (1984), however, argue that most of the motion on the Leech 
River Fault was taken up by underthrusting on the Discovery Bay fault 
system. This study supports the latter interpretation, because the 
sandstones of Scow Bay probably formed fairly close to their present 
location. Minor left-lateral motion on the Devils Mountain fault would 
have moved the unit at most 30-40 km east of its original location 
(probably much less), which seems reasonable from the petrology. Since 
the San Juan Islands terranes are the most likely source for the
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Figure 42: Generalized geologic map of western Washington and adjacent 
British Columbia showing approximate tectonic reconstruction 
for the Early Oligocene. Abbreviations are LRU = Leech River 
unit, LRF = Leech River Fault, M = Metchosin Formation,
C = Crescent Formation, DBF = Discovery Bay fault Zone. See 
text for explanation. Present day shoreline shown for 
reference.
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sandstones of Scow Bay, they probably did not form much more than 30-40 km 
west of their present location. It is likely that underthrusting along 
the Discovery Bay fault caused the Late Eocene uplift and erosion of the 
sandstones of Scow Bay, prior to deposition of the shallow marine Quimper 
Sandstone.
Intrusion of the basaltic dikes probably occurred sometime in the 
early Late Eocene before deposition of the Quimper Sandstone, which is not 
known to contain any dikes. They may correlate with the 42 Ma dikes found 
elsewhere on the Olympic Peninsula (Wells et al., 1984).
Summary
The sandstones of Scow Bay generally support the model of Fairchild & 
Armentrout (1984), which places a tectonic suture between rocks of North 
American affinities and the Olympic Peninsula terrane along the Leech 
River-Discovery Bay fault system (fig. 3). The sandstones of Scow Bay 
appear to have been pushed east ahead of the incoming Olympic Peninsula 
terrane for a maximum of 30-40 km, which caused the Late Eocene uplift and 
erosion documented in the angular unconformity between the sandstones of 
Scow Bay and the overlying Quimper Sandstone.
One problem with the Fairchild and Armentrout (1984) model is the 
presence of possible Crescent Formation basalts on the Quimper Peninsula 
east of the Discovery Bay fault system (fig. 3). Fairchild (1979) 
proposed that these basalts do not belong in the Crescent Formation at 
all, but were an independent volcanic center. It is possible that this 
volcanic center was the source for the basaltic tuffs and sandstones of 
the volcaniclastic member of the sandstones of Scow Bay. A thorough
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evaluation of this possibility must wait until more geochemistry is done 
on these basalts to determine (if possible) whether or not the Quimper 
Peninsula basalts truely are part of the Crescent Formation.
The sandstones of Scow Bay appear to document a local uplift of the 
San Juan Islands terranes during the Middle Eocene. This uplift may have 
been caused by thrust faulting in the northern San Juan Islands terranes. 
Why these thrust faults would have developed is not understood. A local 
basaltic volcanic center was located to the west of the subsea fan on 
which the sandstones of Scow Bay were being deposited. Basalts presently 
considered part of the Crescent Formation on the Quimper Peninsula may 
represent this volcanic center. If the sandstones of Scow Bay were 
derived from the San Juan Island terranes, as preferred here, then they 
were not part of the Olympic Peninsula terrane. In that case, the 
tectonic suture between the Olympic Peninsula terrane and rocks of North 
American affinities is located to the west of the sandstones of Scow Bay, 
perhaps along the Discovery Bay fault system.
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TECTONIC COMPLICATIONS AND SUGGESTIONS FOR FUTURE RESEARCH
The tectonic model presented in the previous section for the Middle 
Eocene deposition of the sandstones of Scow Bay is only one of several 
possible models. It is dependent on the work of several other workers and 
any changes in their models would require a modification in the model 
presented for the sandstones of Scow Bay. In particular the work of Pacht 
(1984) on the Nanaimo Group and the work of Fairchild (1979), Fairchild & 
Cowan (1982), and Cowan (1982) on the Leech River unit are keys to the 
tectonic model.
Pacht (1984) identified multiple source areas for the Late Cretaceous 
Nanaimo Group. These include the North Cascade terranes, the San Juan 
Islands terranes, Vancouver Island (the Insular Belt not including the 
Leech River unit), and the Coast Plutonic Complex. Pacht's work, 
therefore, ties these separate blocks together by the Late Cretaceous in 
approximately the same relative position to each other as they have today 
(Pacht, personal communication,1983). This information was used in 
constructing the possible paleogeography for the beginning of Eocene time 
(fig. 39). If this reconstruction is wrong, than the basic framework on 
which the entire tectonic model for the sandstones of Scow Bay was built 
is invalid. Fortunately, it is unlikely that Pacht's work is invalid.
Fairchild (1979), Fairchild & Cowan, (1982), and Cowan (1982) believe 
that the Leech River unit is an allochthonous unit emplaced against 
Vancouver Island from the west along the San Juan Fault after 40 Ma. In 
their model both the San Juan Fault and the Leech River Fault are left- 
lateral strike-slip faults. Their model appears to sandwich the 
sandstones of Scow Bay between North America to the east and the Leech 
River unit and the Crescent/Metchosin seamounts to the west (fig. 40).
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This places major constraints on the possible source areas for the 
sandstones of Scow Bay: essentially limiting the choices to the rocks 
seen in the area today (fig. 35). The tectonic model presented for the 
sandstones of Scow Bay, therefore, is based on the emplacement of the 
Leech River unit and the Crescent/Metchosin seamonunts from the west or 
southwest. In addition, the model is based on the assumption that there 
has been little relative displacement between the basement on which the 
sandstones of Scow Bay were deposited and the area west of the Straight 
Creek Fault. Rocks similar to the San Juan Islands terranes occur in 
numerous places along the west coast of North America. Thus, if there has 
been significant relative displacement, some of these possible areas along 
the west coast would have to be evaluated as possible source areas for the 
sandstones of Scow Bay. However, it is believed that the arguments 
presented for the provenance of the sandstones of Scow Bay provide strong 
evidence against displacements of this magnitude.
Johnson (in press), however, does not agree with Fairchild (1979), 
Fairchild & Cowan (1982), and Cowan (1982). He proposed that the Leech 
River unit was emplaced from the southeast along a right-lateral strike- 
slip fault (through the Puget Lowland and connecting to the San Juan 
Fault). In Johnson's model both the San Juan Fault and the Leech River 
Fault are interpreted as right lateral, with the Leech River Fault later 
(Late Eocene to Early Oligocene) becoming left lateral (structural 
evidence along these faults merely indicates strike slip motion without 
specifing the direction; Cowan, 1982). Johnson (in press) places the 
Leech River unit west of Seattle during the Middle Eocene (fig. 43). In 
this case, the sandstones of Scow Bay could have been derived in part from 
the Leech River unit, with the quartz-plagioclase plutonic rock fragments 
and felsic volcanic lithic grains being derived from adjacent Cascade
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Mountains sources. If the Leech River unit was the source for the
sandstones of Scow Bay, then it is likely that they would have been
0
rotated along with the Leech River Unit approximately 90 counterclockwise 
(fig. 43). Although no paleomagnetic studies have been done on the 
sandstones of Scow Bay, a preliminary study on probable Eocene basalts on 
the Quimper Peninsula indicates little to no rotation (Beck & Engebretson, 
1982). As the sandstones of Scow Bay are separated from these basalts by 
the Portage Canal Fault, it is still possible for the sandstones of Scow 
Bay to have been rotated independently of them. While separate movement 
for the sandstones of Scow Bay may be unlikely, a paleomagnetic study is 
needed to answer the question.
There are additional problems with the Johnson (in press) model. In 
particular, if the Leech River unit was up against the continent during 
the Middle Eocene (as suggested by Johnson) then we should find rocks in 
western Washington that display a metamorphic history similar to that of 
the Leech River unit. The distinctive, low pressure, early Tertiary 
metamorphism of the Leech River unit, however, is not known to occur 
anywhere else in western Washington (Fairchild, 1979; Fairchild & Cowan, 
1982; Cowan, 1982).
Another possibility to be considered is that the sandstones of Scow 
Bay were derived from an exotic terrane then lying to the west which has 
been moved in strike slip transport to the north and is no longer found in 
the area. It is very likely that exotic terranes now found in Alaska were 
located to the west of Washington and Oregon during the Eocene (Cowan, 
1982; Wells et al., 1984). If the sandstones of Scow Bay were derived 
from an exotic terrane to the west, significant clockwise rotation of the 
unit during emplacement in its present location appears to be required to
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account for the S7E palecurrent direction found. Note that this is 
opposite to the sense of rotation expected from the model of Johnson (in 
press). Again, a paleomagnetic study of the sandstones of Scow Bay is 
needed for proper evaluation of this possibility.
Besides a paleomagnetic study of the sandstones of Scow Bay, 
additional work is needed on the basalt dikes that intrude the unit. 
Geochemical analysis of these dikes may help to properly evaluate their 
relationship with both the Crescent Formation and other post-Middle Eocene 
dikes on the Olympic Peninsula. Radiometric dating of the dikes (if 
posible) could also serve to prove or disprove the tentative correlation 
proposed of these dikes with 41-43 Ma dikes elsewhere on the Olympic 
Peninsula.
A detailed study is also needed of the Quimper Sandstone to determine 
if it truly overlies the Discovery Bay fault zone. Armentrout (1984) 
reported a mixed oceanic and continental provenance for the Qumiper 
Sandstone from a preliminary petrologic study. If this is confirmed, the 
Quimper Sandstone could possibly be used to provide an upper age limit on 
the accretion of the Olympic Peninsula terrane.
Another important unit which requires more detailed study is the Lyre 
Formation of the Quimper Peninsula. Although the Lyre Formation has been 
studied in detail on the northwestern Olympic Peninsula (Ansfield, 1972) 
no detailed petrologic work has been done on the Lyre Formation on the 
Quimper Penisula. Given its stratigraphic (Middle Eocene) and geographic 
(east of the Discovery Bay fault zone) position, the Lyre Formation on the 
Quimper Peninsula is potentially very important in any basin 
reconstruction in the area.
Although the sandstones of Scow Bay appear to have been a part of 
North America rather than the Olympic Peninsula terrane during the Middle
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Eocene, it is clear that a lot more work needs to be done before it is 
possible to properly construct a complete tectonic model for the evolution 
of the Quimper Peninsula area during the Tertiary.
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APPENDIX 1: PETROGRAPHIC DESCRIPTION BY POINT COUNT CATEGORIES
Monocrystal line Grains:
Monocrystal line Quartz (Qm) Monocrystalline quartz grains are
usually clear with either straight or undulose extinction. Bubble trains, 
microlites, and fluid inclusions are common (fig. 34). Grains are very 
angular to subangular medium to fine sand. Most grains counted are 
individual crystals but some occur in plutonic rock fragments associated 
with plagioclase (fig. 17). The monocrystalline quartz grains are 
dominantly plutonic and vein quartz, but very minor amounts of metamorphic 
quartz are also present.
Very little alteration of the monocrystalline quartz has taken place 
except for etching and partial replacement of some grains by calcite 
cement.
Plagioclase (P) There are three common types of plagioclase present
in the samples. The first type has albite-rich composition with albite
twins. They are usually Ab in composition (determined from
90-80
extinction angles). These grains do not take the amaranth stain at all
and are usually clear and unaltered. A second type of plagioclase present
is also albite-rich, but is untwinned and altered. It does not take the
stain but is easily identified by the cloudy alteration or seritization
present. This is the type most conmonly associated with quartz in
plutonic rock fragments. It is also very rarely associated with potassium
feldspar in plutonic rock fragments. The third variety is more calcic
(Ab ) and may be either twinned or untwinned. Enough grains are 
30-60
twinned to identify the approximate composition. These grains take the
pink stain very clearly. Some of the plagioclase crystals are zoned.
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Also counted in the plagioclase category are fine-sand-sized or larger 
plagioclase crystals in rock fragments.
Plagioclase is commonly etched and replaced by calcite or laumontite. 
Albitization of some grains appears to have taken place in some 
laumontite-cemented samples. Most plagioclase grains are angular to 
subangular, medium to fine sand.
Potassium Feldspar (K) Potassium feldspar is present in most samples 
in small amounts (fig. 44). No twinning of any kind was observed. Grains 
were identified using sodium cobaltinitrite stain. The majority of 
potassium feldspar grains are orthoclase, but very minor amounts of 
sanidine are also present. Although the potassium feldspar grains range 
in size from medium to fine sand, they average smaller than the average 
medium-sand-size of the unit as a whole. Grains are angular to subangular 
and are usually fresh and unaltered.
Chlorite (Chi) Chlorite is present in minor amounts in all of the 
samples studied. Usually seen as an alteration product within rock 
fragments (particularly volcanic rock fragments), it occasionally occurs 
as monocrystalline grains. All of the chlorite present in the unit is 
detrital. The chlorite mineral most commonly seen is pennine. The 
chlorite grains are usually well rounded, medium to fine sand. Crushing 
during compaction often obscures the original grain shape and size.
Heavy Minerals (Hea) Heavy minerals are present in minor amounts in 
all of the samples. Epidote is the most common, with rare olivine also 
found. Alteration and crushing of heavy mineral grains prevents detailed 
identification of the complete heavy mineral assemblage. Most heavy 
mineral grains are well rounded fine sand. Epidote also occurs as very 
fine sand and smaller crystals within some quartz-plagiclase plutonic rock 
fragments and felsic lithic grains (fig. 16).
Figure 44: Photomicrograph of fine-sand-sized potassium 
feldspar (center and left center). Potassium 
feldspar is stained bright yellow. Field of 
view: 3.4mm. Plane-polarized light. Sample WM-
171-T.
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Miscel1aneous Grains (Misc) Several minerals present in very minor 
amounts were counted in this category. They include biotite, muscovite, 
and pumpellyite as detrital grains and quartz, albite, and pyrite as pore­
filling cements. Any grains which did not fit in any of the other 
categories were counted in this category as well.
Lithic Grains (Lt):
Felsic Volcanic and Metavolcanic Lithic Grains (Lvf) Felsic volcanic 
and metavolcanic lithic grains are usually aphanitic equigranular 
aggregates of quartz and plagioclase (fig. 45). Chlorite and epidote are 
common in the metavolcanics. There are also rare potassium-rich felsic 
volcanic lithic grains which strongly pick up the potassium stain. Some 
of these were probably incorrectly identified as LQP or LSM, as they are 
very hard to identify on the unstained half of the thin section where the 
lithic point counts were done.
The felsic volcanic and metavolcanic lithic grains are dominantly 
subrounded to well rounded, medium to fine sand. Some grains are coarse- 
sand-sized. Most grains are fresh with minimal alteration. Chlorite, 
however, is often present.
Microlitic and Lathwork Volcanic and Metavolcanic Lithic Grains (Lvm 
and Lvl) Microlitic and lathwork volcanic and metavolcanic lithic grains 
both have abundant plagioclase phenocrysts in a fine grained ground mass 
(fig. 46). In microlitic volcanic lithic grains, the plagioclase crystals 
are aligned parallel to one another; in lathwork volcanic lithic grains, 
the plagioclase crystals are randomly scattered with no alignment.
Both types of volcanic lithic grains are heavily altered with no
Figure 45: Photomicrograph of felsic volcanic lithic 
grains. Field of view: 0.85mm. Cross-polarized 
light. Sample WM-171C.
Figure 46: Photomicrograph of microlitic volcanic lithic 
grain (lower right). Field of view: 2.1mm.
Cross-polarized light. Sample EM-131C.
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fresh groundmass or mafic minerals remaining. All alteration predates 
deposition of the grains. There are two types of alteration present. The 
earliest was metamorphism of the source rocks to sub-greenschist facies 
resulting in the development of pennine chlorite in many of the volcanic 
grains (fig. 47). Later weathering of the groundmass and the mafic 
minerals to clays took place during erosion and transportation of the 
volcanic lithic grains. In some grains weathering had proceeded so far 
that only ghosts of plagioclase crystals are left. Some volcanic lithic 
grains were probably counted in the sedimentary category, because 
alteration to clay minerals had proceeded so far as to remove all evidence 
of an igneous texture.
The volcanic lithic grains are usually rounded to well rounded and 
average medium sand in size. They commonly range up into the coarse-sand­
sized fraction and less commonly range down into the fine-sand-sized 
fraction.
Fine Grained Sedimentary and Metasedimentary Lithic Grains (Lsm) 
Fine grained sedimentary lithic grains make up the majority of the lithic 
grains in the sandstones of Scow Bay (fig. 15). Included in this category 
are mudstone, muddy chert, and altered grains completely replaced by clay 
minerals. Also included in this catergory are very rare quartz-mica 
tectonite and quartz-mica aggregate. Most of the fine-grained sedimentary 
lithic grains are dark and almost opaque. Some grains show almost 
parallel extinction due to alignment of the clay minerals. The muddy 
chert counted in this category is differentiated from chert lithic grains 
by a murky brown appearance in plane light. These muddy chert grains 
commonly include tiny veins of clear polycrystalline quartz.
The fine-grained sedimentary lithic grains are usually rounded to
(b)
Figure 47: Photomicrograph of lathwork metavolcanic lithic 
grain with chlorite. Pink color is stain. Field 
of view: 0.66mm. (a) Plane-polarized light,
(b) cross-polarized light. Sample EI-121C-T.
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well rounded, medium to fine sand. Grain shape is commonly obscured by 
post-depositional compaction during which the weak grains were crushed and 
deformed around more resistant grains. (The muddy chert grains are an 
exception to this.) Most of the pseudomatrix present in the unit 
originated as fine-grained sedimentary lithics.
Siltstone and Very-Fine-Sandstone Lithic Grains (Lsm) Siltstone and 
very-fine-sandstone lithic grains are much less common than fine-grained 
sedimentary lithic grains (fig. 15). Some of the siltstone lithic grains 
are probably locally derived, as large siltstone rip-up clasts are common 
in the sandstones of Scow Bay. The very-fine-sandstone lithic grains (and 
the rare fine-sandstone rock fragments counted as monocrystalline grains) 
are all wackes that have been metamorphosed to sub-greenschist facies. 
Quartz, plagioclase, muscovite, and lithic grains make up most of the 
grains within these sandstone lithic grains, indicating a compositionally 
as well as texturally immature sandstone.
The siltstone and very-fine-sandstone lithic grains are rounded to 
well rounded, medium to fine sand wwith occasional coarse-sand-sized 
grains. Crushing and deformation during compaction occured with some 
grains, but it is much less common than in the fine-grained sedimentary 
lithic grains.
Polycrystalline Quartz and Chert (LQp) Polycrystalline quartz and 
chert includes all polycrystalline quartz grains with individual crystals 
smaller than fine sand. There is a complete spectrum of crystal sizes 
from very fine sand down to very fine chert. (This spectrum continues up 
to medium sand with the coarser crystalline grains being counted in the 
monocrystalline quartz category.) Chert grains are usually slightly 
cloudy (very cloudy or muddy chert grains were counted as fine-grained 
sedimentary lithic grains). Coarser veins of polycrystaline quartz are
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common within chert grains (fig. 16). Although the polycrystalline quartz 
is usually sutured, metamorphic foliation of crystals is rare. Grains are 
subangular to subrounded, medium to fine sand. Alteration, crushing, or 
replacement is very rare.
Miscellaneous Metamorphic Lithic Grains (Lmm) Miscellaneous 
metamorphic lithic grains include any metamorphic lithic grain which could 
not be identified as either metasedimentary or metavolcanic. Almost all 
of the grains counted in this category are fine-grained, extremely 
chlorite-rich lithic grains.
Miscellaneous Lithic grains (Lmisc) Lithic grains that did not fit 
into any of the above categories were counted in the miscellaneous lithic 
grain category.
Cements and Matrix
(See section on diagenesis for a complete discussion.)
Matrix (Mtx) Although matrix varies from 0% to almost 20%, the 
majority of the samples had very little to no matrix present. Most of the 
matrix present is epimatrix with some thin sections displaying well 
developed pore filling clay cement (fig. 29). Pseudomatrix was present in 
most samples other than calcite concretion in very minor amounts.
Calcite (Cct) Sparry calcite cement varies from 0% to 45% in the 
samples studied. The highest values are found in the well developed 
calcite concretions, where the calcite is commonly poikolitic (fig. 16). 
Replacement of grains by calcite (in particular plagioclase and 
plagioclase-rich volcanic lithic grains) is common in these concretions 
although never abundant. (The original grain was counted in the point
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count if it could be identified.) Minor pore-filling sparry calcite is 
common in samples other than calcite concretions, frequently associated 
with laumontite.
Laumontite (Lau) The zeolite mineral laumontite is a common cement 
except in the calcite concretions (fig. 30). It is a discontinuous pore­
filling cement which formed after some compaction had taken place but 
before final compaction. It never occurs in concretions, although it is 
common in samples taken from concretion-rich beds. The laumontite 
replaces some plagioclase and other grains either partially or totally.
Additional Cements Additional cements counted as part of the MISC 
category include quartz overgrowths, albite overgrowths, and pore filling 
pyrite cement.
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APPENDIX 2: POINT COUNT DATA
Point count data are presented as the actual points counted (not 
percentages). Symbols are explained in the text. Samples with 'C on the 
end of the number are calcite concretions. Samples with the same number 
came from the same bed (for example samples EI-171 and EI-171C are both 
from the same bed with EI-171C being from a concretion). Samples WI-lllA 
and WI-lllB are both from the same bed, but neither is a calcite 
concretion.
For the east coast of Indian Island and for Marrowstone Island low 
numbered samples are stratigraphically above higher numbers (for example 
EI-101 is near the top of the unit and EI-211C is near the bottom of the 
unit). For the west coast of Indian Island this order is reversed.
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Qm 55 27 50 29
P 33 23 24 22
K 3 5 3 9
Lt 142 123 169 121
Chi 1 1 0 0
Hea 0 0 2 3
Mtx 8 0 11 4
Cct 55 121 0 111




3 0 1 1
Lvf 11 6 3 14
Lvm 17 19 15 24
Lvl 18 15 17 34
Lss 26 28 12 31
Lsm 108 92 107 66
LQp 19 32 46 30
Lmm 1 4 0 0
Lmisc 0 4 0 1
QFL
Q 29 26 36 26
F 16 16 11 17
L 55 58 53 57
QmFLt
Qm 24 15 20 16
F 15 16 11 17
Lt 61 69 69 67
QpLvLs
Qp 10 17 23 15
Lv 23 21 17 36
Ls 67 62 60 49
P/F RATIO 0.92 0.82 0.89 0.71
West coast of Indian Island point count data 
Sample WI-121 WI-151 WI-191
Total sample 
(300 points)
Qm 49 64 47
P 33 27 35
K 10 7 8
Lt 173 140 180
Chi 2 0 1
Hea 2 0 1
Mtx 15 4 7
Cct 0 16 14
Lau 16 32 1
Misc 0 10 6
Lithic count 
(200 points)
Lvf 8 4 4
Lvm 17 22 15
Lvl 15 31 9
Lss 27 20 17
Lsm 99 93 128
LQp 33 24 25
Lmm 0 3 1
Lmisc 1 3 1
QFL
Q 29 34 26
F 16 14 16
L 55 52 58
QmFLt
Qm 19 27 17
F 16 14 16
Lt 65 59 67
QpLvLs
Qp 17 12 13
Lv 20 30 14
Ls 63 58 73
P/F RATIO 0.77 0.79 0.81
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East coast of Marrowstone Island point count data:
Sample EM-131 EM-131C EM-141 EM-141C EM-201 EM-201C
Total sample
(300 points)
Qm 54 40 53 52 54 24
P 36 33 34 40 23 34
K 1 3 6 3 1 8
Lt 198 121 192 107 161 135
Chi 1 2 0 2 0 0
Hea 0 0 1 0 3 1
Mtx 4 0 5 0 6 0
Cct 2 100 6 96 0 98
Lau 2 0 1 0 52 0
Misc 2 1 2 0 0 0
Lithic count
(200 points)
Lvf 8 2 2 0 3 0
Lvm 14 9 15 8 15 24
Lvl 7 12 8 14 19 12
Lss 11 14 6 7 21 11
Lsm 138 132 142 136 117 128
LQp 20 29 25 35 22 23
Lmm 0 0 2 0 1 2
Lmisc 2 2 0 0 2 0
QFL
20Q 25 29 27 35 30
F 13 18 14 21 10 21
L 62 53 58 44 60 59
QmFLt
12Qm 19 20 19 26 23
F 13 18 14 21 10 21
Lt 68 62 67 53 67 67
QpLvLs
Qp 10 15 12
Lv 15 11 13




0.97 0.92 0.85 0.93 0.96 0.81P/F Ratio
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WM-lllB WM-171 WM-171C WM-201C WM-231
Qm 43 50 46 35 41 49
P 30 35 29 16 21 23
K 5 4 3 6 1 4
Lt 137 156 153 136 139 168
Chi 2 1 0 1 0 0
Hea 2 2 0 3 2 2
Mtx 58 4 2 0 0 6
Cct 0 0 65 103 96 0




3 1 2 0 0 2
Lvf 6 6 16 12 8 7
Lvm 12 13 16 20 17 13
Lvl 12 9 24 24 28 11
Lss 22 20 12 13 24 14
Lsm 120 122 106 104 96 130
LQp 26 30 26 25 24 24
Lmm 2 0 0 0 1 0
Lmisc 0 0 0 2 2 1
QFL
Q 28 30 28 27 28 28
F 16 16 14 11 11 11
L 56 54 58 62 61 61
QmFLt
Qm 20 20 20 18 20 20
F 16 16 14 11 11 11
Lt 64 64 66 71 69 69
QpLvLs
QP 13 15 13 13 12 12
Lv 15 14 28 28 27 16
Ls 72 71 59 59 61 72
P/F Ratio 0.86 0.90 0.91 0.73 0.95 0.85
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